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PREFACE. 



This Manual has been wjdtten expressly for Ffrat-year Students 
of Applied Mechanics. It therefore forma a suitable companion 
to the Author's Elementary Manuals on " Steam and the Steam 
Engine," "Magnetism and Electricity/' for it covers the Ele- 
mentary Stage of the Science and Art Department's Examination 
in Applied Mechanics. At the same time, the treatment of the 
Bubject ia sufficiently general to satisfy the wants of other yoimg 
Engineers and Mechanics, who do not happen to have tbeao 
Exflminations specially in view. 

The book has been divided into four stages :— 

(i) Forces in Equilibrium and the Principle of Momenta and of 
Work OS applied to simple Machines, such as levers, pulleys, cranes, 
inclined planes, belt and whae: ^Kiiiiig, fci'ewa and screw gearing, 
with and without frictiuu. 

(2) Hydraulics and Hydipulic iiachines. 

(3) Laws of Motion, velocity, acceleration, centrifugal force, 
balancing fast-speed mafhinerj-, ^n-i nncjmulated work. 

(4) Properties and Strengths of Materials, chains, shafts, and 
beams. 

These sections have been treated systematically and practically. 
They ai'e contained within twenty-four Lectures, but both teachern 
and students will find ample material to occuj>y their attention for 
j'iUli/ twenty-eight lessons of one horn- each. 

In some recent hooks on Mechanics an atteuipt has been made 
to deal with the " Laws of Mutiou " and tVic effec\.tt o^ vidCviw on. 
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solid bodies, before illustrating and explaining simple macbinee 
and hydraulics. The Author has found, from an experience of 
over twelve years' continuous teaching, that this new order is 
quite a mistake, for students get confused and disheartened at the 
very outset by a mass of formulae and problems which are far 
more difficult for them to understand than those relating to 
forces in equilibrium as applied to simple machines. 

Great stress has been laid on principles, definitions, uniformity 
of notation, and symbols. The explanations, illustrations, and 
examples are such as will enable students to apply leading prin- 
ciples to practical work, and teach them to think out and investi- 
gate results for themselves, luther than depend blindly on rules 
and formulae. 

In every Lecture a number of examples have been fully worked 
out, and^ wherever possible, illu8ti*ated experiments have been 
described, so as to encourage students to carry out similar or 
more elaborate experiments in actual practice, rather than rely on 
rulo-of-thumb proportions. 

At the end of ecwh Lecture a series of carefully selected 
(|uostions has been arranged in the precise order o/*, and relating 
solely to, each Lecture, so that teachers and students may have a 
minimum of trouble •t^-fln'Uing fi|^CKbI^«e^i^ples. Full advan- 
tage has been takeli Of th^'qifestidn^ sdt*ctnAually by the Science 
and Art Department's exatJlincft^-eiiZ trai^ subject ; in fact, all the 
more important questii)n3..vfiich *6ayp, appeared in the Elemen- 
tary papers for the laSt jtfik*yeard •Hfi.te been incorporated, with 
many others. 

The book, as a whole, will form an easy introduction to the 
Author's more Advanced Text book upon the same subject, now 
in preparation. Consequently, aU points requiring mathematical 
knowledge higher than has been herein employed, as well as 
descriptions of more complicated mechanisms, have been left 
over for treatment to the Advanced Course. 

' y the preparation of the di*awings the Author is indebted 
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PREFACE. VU 

for help to his students, Messrs. George W. Shearer, John A. 
Sloan, David A. Bamsay, and John F. Neilson, as well as to the 
following firms for working-drawings and illustrations of special 
machines and tools : Messrs. John Lang k Sons, toolmakers, 
Johnstone; Messrs. P. & W. MacLellan, and Messrs. Loudon 
Brothers, Glasgow ; Messrs. Weems & Co., Coatbridge ; and 
Messrs. Holt & Willetts, of Cradley Heath. Finally, his thanks 
are due to Mr. R. M. Anderson for revising the proofs. 

If any errors should be observed by readers^ the Author will be 
glad to have them pointed out, and to receive any suggestions 
tending to increase the usefulness of the book, his desire being, as 
far as possible, to keep it abreast of the times and of the wants of 
Students. 

ANDREW JAMIESON. 

The Glasgow and West op Scotland 
Technical College : 

October 1892. 
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APPLIED MECHANICS. 



LECTURE I. 

CONTEKTB.— Definition of Applied Meciianics— Force— Matter— Unit of 
Force — The Elements of a Force — Graphic Hepreaentation of Forces 
— Forces in Equilibrium — Action and Reaction— Resultant and Com- 
poaentB^Roaaltant of Forces acting iu a Straight Line. 

Applied MechanicB is that branch of applied science which not 
only explains the principles upon which machines are designed, 
mnde and act, but also describes their construction and applica- 
tions, as well as how to calculate and test their strength and 
efficiency. 

Before a student can successfully master any science, be must 
thoroughly understand tbe units of measurement that have been 
adopted in calculating results, anil he should also have a clear 
conception of the exact meaning of the various terms employed. 
Consequently, we shall commence the study of Elementary Applied 
Mechanics with definitions and with units of force, work and 
power.* 

Force is an)/ came which produces, or lends to produce, -motion or 
cliange of motion in the matter upon, which it acta. 

Matter is anything which can be perceived by one or more of the 
senses, and which can be acted on by force. 

Matter exieta under three conrlitions: (i) Solids, (2) Liquids, 
(3) Ciases. For example, pieces of wood and of iron are solids ; 
water and mercury are liquids ; whilst air and oxygen are gases. 

• For the units of length, surface and cubic measure, and for the inen- 
euretion of areas and Holids, the student ia referred to Lectures I. II. and 
III. of Author's " Elementarj Manual on Steam and. t\\e %tea.'ai'%\i'^u±^'' 
issued bj tbe pablhbers vl tbis book. 
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LECTDEE I. 

Bodies are thereforo limited portions of matter. When the 
i ixt motion of a body is equal to or greater than the 
force applied, so that no motion takes place, tlie body is s&id to 
be Bubject«d to preeeure. 

Solids do not yield readily to pressure, for they tend to retain 
their original shape and sUe, whereas liquids and gases yield to 
a very slight presaure, and consequently possess no definite shape. 
A. gas differs from a liquid since it possesses the property of 
indefinite expansion. A liquid has therefore a definite size, but 
I definite nhape, whilst a gaa has neither definite shape nor 



TJnit of Force. — The British unit of ioi-cB is the pound avoir- 
dupois, or ORAViTATiotf UNIT. The magnitude of a force is there- 
fore reckoned by the numbei' of pounds which the force would 
support against gravity or by the weight in pounds which would 
produce the same effect. For example, a force of loo lbs. means 
that force which would just lift a weight of loo lbs. if acted on 
by gravity alone. But the force of gravity varies at different 
pai-ts of the earth's surface, being slightly greater at the Poles 
than at the Equator. Consequently, our unit ia not an absolute 
or invariable one, although for all the practical purposes of 
applied mechanics it is the most convenient unit which could be 
employed.* 

The Elements of a Torce. — When a force acts upon a body, 
then, in order to fully determiiia its effect we must know the 
three following elements :-^ 

(i) Tlie point or place of application of the force. 

Szj The direction in which the force acta. 
3) The magnitude of the force. 
(1) Place ofAjiplicaUcin. — In the case of the force of gravity 
acting on a body, the place of application may be considered tote 
the whole mass of the body, or we may estimate the whole weight 
of the body as concentrated at one point, termed the centre of 

• An absolute or invariable vnit qf/itrce is that force which, acting to 
one second on a inasi of one pooncl, pves to it a. velocity of one foot pS 
Bacond. It is called the J'uundai. Alan ia estimated by the weight ta 
pounds divided by the acceleration of gravity at the place oE obaervatioa 

W 
— i.e., M=— , where MstandsformaHs.W, for weight inpounda, and, y, to 

the acceleration of gravity. At 'Lom\oB,g = i2-2 feet por soooncl. Tte 
toass of a body is therefore a constant quantity. 

In Slectrical Engineering measurements, the unit of force is colled t8>' 

Dyne, and is that force which, actio;; for ooe second on a maits of ont 

gnimme, gives to it a velocity of one centimetre per second. In estimit* 

inK force in dynes, mass is eqnal to the weight in grnniraes divided by Uf - 

iration duo to gravity, which at London =981 cootimetros per seconi 
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ELEMENTS OF A FORCE. 3 

gravity of the body. Wlien an extended aiirfitce is subjected to 
pressure, aa in the casa of a tank containing a liquid, ot- the piston 
of an engine subjected to the pressure of a gas, the whole area 
under pressure may be considered as the place of application. 
When a body is pulled by means of a rope, or pushed by means 
of a rod, or supported on a small area, then we consiiier the foi-ce 
as acting at a point, 

(a) Direction. — The direction of a force is the line or patli in 
which it tends to move the body on whirh it acts. 

(3) Magnitude. — The magnitude of the force is the pounds 
pull or pressure which the force exerts upon the body on which 

Qraphio Bepresentation of Torces. — When a force acta on 
a body at a point, its three elements may be conveniently repre- 
sented as follows ; — 



■dr 



SCAL£ DtAOEAU 07 A FOBCE. 

Where represents the point of appUaation, the straight line, 
OP (with the arrow-head), shows the direction in which the foiHje 
acts, and the length of the divided line, OP, indicates to scale the 
tnagnitude of tlie force.* 

Forces in EquiUbrium. — (1) When any number of forces 
acting upon a body neutralize each other's effects {i.e., leave the 
body in the same condition as to rest or motion as before the 
application of the forces), these forces are said to be in equi- 
librium, 

{2) Forces which are in equiiibrium may be applied to or 
removed from a rigid body without altering its condition as to 
rest or motion. 

(3) Two equal and opposite forces destroy each other's effects; 
and, conversely, no tioo forces can destroy each othei-'s effects un- 
less they ai'e equal and opposite. 

(4) A force will have the same effect at whatever point in its 
own direction it may be supposed to act; and, conversely, if a 
force have the same effect whether it act at one or other of two 
given points, then the straight line joining these points will be 
the direction of the force. 

Action and Beaction. — (i) Whenever a fixed rigid body is 

* In the cise ot tlie above figure the force is represented aa equal to 
22 Iba. Students will find it oonrenient to plot down tLc representation. 
ot forces in their eiercise booka to a scale of -^ ot au ino\i Ui a. -etwaA, t« 
hundredweight, or tan, aooordiag to the values ot ttie B^jteases. 
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acted on by a force, then naturally there is at once set up in that 
body & secondaiy force, or a force of reaction, equal and opposite 
in direction to the piimary force. 

(z) Hence action and reaction are equal and opposite, and 
neutralize each other's effects. 

For Example. — Suppose a weight is placed on a rigid horizontal 
table. In the table there is set up an opposing force or upward 
reaction which exactly counterbalances the downward force of the 
weight. If this were not the case, then motion would take place, 
and either the table would give way, or the weight would pink 
through the table ! 

BoBUltant and Components. — {i) If any number of forces 
acting upon a body bo replaced by a single force which shall have 
the some effect, then this foi'ce is termed the 3-e»ultant of these 
forces, and the forces are called the components of their reeultant. 

(2) The 'opei-ation of finding the resultant of any number of 
foi-ces is called the composition of forces ; and finding the com- 
ponents is termed the resolution of forces. 

Besalt&ut of Forces acting in a Straight Line. — (i) The 
resultant of any number of forces acting in the one direction 
along one straight line is equnl to their sum, and acts in that 
direction. 

For Example. — Let PjP,PjP^ be any four forces acting in one 
dii-ection along one stiaight fine, then their resultant — 
R = P, + Pj + P3 + P. 

(z) If the forces do not all act in one direction, then the re- 
sultant is equal to the difference between the resultant of those 
acting in one direction and the resultant of those which act in 
the opposite direction, and has the direction of the greater of the 
two residtants. 

For Example.— Let P|P,PjP^ bo any four forces acting along 
one straight line to the right hand or in a positive direction ; and 
Q,Q,Qj be any three forces acting along the same stiiiight line, 
but in an opposite or left-hand or negative dii'ection, and let 

Q, + Q, + Q3 he less than P, -H P, + P, -H P, 
Then the resultant, 

K = (P, -»- P, -(- P, -H PJ - {Q, + Q, + Q3) 
and acts in the same direction as P,P,PjPj, and iilong the some 
straight line. 

If equilibrium existed between these two sets of oppositely 
directed forces, then their algebraical sum would he zero, oi' tlw 
" ■"it would vjinish ; i.e., 

■ P, + P, + P.) - (Q, -H Q, + Q.) - it =- o 



RESULTANT OF FORCES ACTING IN A STRAIGHT LINE. S 

A familiar illustration of the above reasoning, is the game of 
" the tug of war," when, say, a batch of sailors are pitted against 
a corresponding number of soldiers, each batch pulling their 
utmost at the opposite ends of a rope, and in opposite directions, 
with the view of obtaining a resultant. 

We shall return to the graphic representation of forces, <fec., 
when we come to deal with the parallelogram and triangle of 
forces and their application to ascertaining the stresses on simple 
structures,* 

* We have intentionallj made this Lecture a short one, and have not 
appended any questions, because at the first meeting of a session the lec- 
turer has to give a series of general instructions to his students, and the 
class is seldom so completely formed as to make it worth while setting any 
home work until the second meeting. 
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LECTURE II. 

Contents.— Work— Unit of Work— Examples I. II. III. IV.— Work done 
a^rainst a Variable Resistance — Example V. — Diagrams of Work— 
With Uniform Resistance — With a Gradaally Increasing Resistance— 
With a Gradually Decreasing Resistance— For Example V. — With a 
Combination of Uniform and Variable Loads— Power or Activity- 
Units of Power — The Horse-power Unit — To find the Horse-power of 
any Working Agent — Example VI. — Questions. 

Work. — If a force acts upon a body and causes that body to 
move through a distance, then the force is said to have done work. 
It does not matter how long the operation takes, whether a second, 
a minute, an hour, or a day, or even a year, the same amount of 
work is done by the force acting through the distance. Time, 
therefore, does not come into the question of estimating work 
done, but we must have a force overcoming a resistance through 
a definite distance. If the force applied be inadequate to over- 
come the resistance of the body to motion, then no work is done. 
The amount of work done therefore depends solely upon the pro- 
duct of the force applied (or the resistance overcome) and the 
distance through which it acts. 

Or, Work = Force x Distaixoe. 

Unit of Work.* — The unit of work, is the work done in ovei^ 
coming tmit force through unit distance. Now, since the British 
unit of force is the pound, and unit distance the foot, the British 
unit of work is called the foot-pound^ and is therefore the work 
done when a resistance of i lb. is overcome through a distance of 
I foot. 

Example I. — If a weight of i lb. be elevated a vertical dis- 
tance of I ft. against the force of gravity, then i foot-pound of 

* In the case of heavy work the unit foot-ion is sometimes used in this 
country. A foot-ton simply means one ton raised one foot high against 
gravity, or a force of one ton exerted through a distance of one foot, or a 
resistance of one ton overcome for a distance of one foot. In Electrical 
Engineering the unit of work is the work done in overcoming a resistance 
of one dyne through a distance of one centimetre. It is called the Erg, 
Since the weight of i gramme is =981 dynes, the work done in raising 
I gramme through a vertical height of i centimetre against the force of 
--avity is 981 ergs or {g) ergs. One foot-pound = 1*356 x 10^ ergs. 



TWIT OF WORK. 

work has been performed. IE lo pounds be elevuteil vertiailly 
through a. distance of lo ft., then result ia {lo < lo) == loo ft. -lira. 
of work. 



[>;, for Esamplo III, 





W = Weight ii 
P = I'ull in lb 
L = Length ii 



SXAHFLE II. — If a body offers a constant resistance to motion 
in any direedort of P lbs., and if it be forced along a distance 
of Ii ft., then the work done Im P -x t ft. -lbs, 

Oi', Work done = Force x Distance 

i.e. Poot-poundB = P Iba. < L feet. 

Suppose a cart with its load weighs W lbs, and offers ii con- 

etant resistance of P lbs. to traction along a road, and that it is 

pulled through a distance of L feet ; then. 

The work done= P x L (ft.-lbs.) 
Example III, — Ju drawing a loaded curt along a level road, a 
horse has to exert a constant pull of loo lbs. ; how much work 
will be done in lo minutes supposing the horse to walk at the 
rate of 6000 yards an hour ? 
Distance in feet through | 
— which the i-esiatance of [ _ 6000 (yds.) x 10 (in.) >; 3 (ft.) 
- oj 60 (m.) 

,, = 3000 ft, 

3 minutes = P it L. 




—A traction engine is employed to draw a loaded . 
eve! road where the resistance to \» oNSitwsaia'ijr 




. Tractive force = loo lbs. per ton. 
. Total pull, P, = loo (lbs.) X lo (tor 
. Distance, L, = loo (yds.) x 3 (ft.) 
. Work done = P x L. 

= 672,000,000 ft.-lbs. 

Work Done agaiUHt a Variable Beeistance. — If the r 

wbiltit the force c 
ing it actb through a known distance, i 
then tiie work doue will be measured 
by the product of the average reeiBt- 
auce and the distance. If the redat- 
ance varies uniformly, its average can 
be found by adding its values at the 
commencement and end of the motion, 
and dividing by two. 

Example V.— Explain the method of 
estimating the work done by a force, 
and define the unit of work. The sur- 
face of the water in a well is at a depth 
of 20 feet, and when 500 gallons have 
been pumped out, the surface is lowered 
to a6 feet. Find the number of uni 
of work done in the operation, 
weight of a gallon of water being 10 1] 
(S. and A. Exam. 1887.) 
For an answer to the first part of thit, question i-efer to i 
previous part of this lecture. 

Weight of water raiaod =■ weight of 500 gallons. 
„ „ =500x10 lbs. 





Work Varyiko 

UNIFOEMLi. 



DUGHAMS OP WORK. 9 

[Distance through which the 
. Mean height wateris lifted = -i centre of gravity, G (of raised 
I water), has been elevated. 



Or, 


. L, =33 ft. 


Work done . 


= PxL. 


" "- 


= 5000 X 23. 

= U6,000ft.-lb8 



Diagrams of Work. — (i) Ayainst a h'ni/onn Resistance. — If 
the resistance overcome is uniform, then the work done may be 
graphically represented by the area 
of a rectangle. 

To find the work done in over- 
coming a uniform resistance of 
5 lbs, through a distance of ]0 ft. : 
Plot down a vertical line to any 
convenient scale to repre.sent P {or 
5 lbs.) and a honsontal line to the 
same scale to represent L (or 1 a ft.) Then complete the 
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Unifobm Work. 



The a 



1 P ^ L or s X 10 = 50 ft.-lhs. of work. 



In the accompanying figure a scale of YotVi inch has been used 
to j'epi'esent both pounds and feet, consequently each of the small 
squares I'epresents to scale one foot-jiound of work. 

(z) With a GradMoUy Increaaing ItMialaiux. — If tlj 
anee gradually increaseti — for ex- 
ample, in the raising of a length of 
rope or chain vertically by one end 
from the ground, then the work 
done may be graphically represented 
by the area of a right-angled triangle, 
where P represents the total weight 
of chain in lbs., and L its total 
length in feet. 




. The Total Work done ■■ 



PkL 



ft.-lbs. 



Here the work done per foot of length of chain lifted, gniduiUly 
increases fi-om a minimum to a miiximum, until the whole rope 
or chain is ofi' the giwund. When any known length, I, has been 
lifted, then the area enclosed by the triangle whose horizontal 
side in I, and t'ertical side/i represents the wovk done. 



lO LBOTPRE n. 

{3) With a Gradually Decfeaaiiu/ Hegislance.^li tte resistanre 
gradually decreaseti, ns in the case of 
winding a rope or chaia upon the 
barrel of a winch or crane, then the 
work done will also be represented 
graphically by the urea, of a right- 
angled triangle, where P repi-esentB 

_ the total weight of rope or chain in 

Dbchkasino ResiaiANCB. pounds being lifted at the start, and 
L ite length in feet. 




I 



Here the work done per foot of length of chain lifted, gradually 
diminishes from a maximum at the start to a minimum, when the 
last foot is being lifted. 

Ab in Case (2), you can at any time know the work done or still 
to be done from the scale diagram, if you know the length of chain 
lifted or to be lifted. 

For example, if I feet have still to come on to the barrel, then 
the vertical ordinate p on the scale diagram will represent the 

pull being exerted at the time, and consequently ^ — represents 

the work still to be done. 

Or, generally, with any gradually increasing or decreaeing 
resistance the woi'k done is equal to the mean of the average 
resistance in lbs. x the distance through which it acts in 
feet. 

{4)J)iaffrmnqf Work for Example F".— In the case of Example V. 
the distance through which each 

^ L, ■-., pound of water is lifted gradually 

rl """ ' ' ' ' V increases, not from zero, hut from a 

Jjl \ depth of 20 feet at the commence- 

\ \ \ ment, to a final depth of z6 feet, 

i I . \ Hence, if P represent the i-osistance 

L, Lj —J due to the weight of water lifted, 

and Lj " 20 ft. and L,= 26 ft. 
drawn to scale in accordance with 
the foregoing directions, the arm 
of the accompanying trapeEoid represents to scale the work 



u Steam and llie Steam 



DIAGRAMS OF WOHK. 




= 5000x23^118,000 ft. -lbs. 

F (5) With a Cmnbination of Unifonn at\d Variable Loads. — Wlitii 
ms part of a load is fized and 
another part varialjle, as in the 
case of lifting a fixed weight 
with a chain, by winding the 
chain on the barrel of a winch 
or crane, the diagram of work 
for the fixed Ioa4 is naturally 
a rectangle, and for the chain 
a triangle if the chain is com- 
pletely wonnd on to the barrel, 
or ft trapezoid if there is still 
some portion of it to te lifted.* 

I Let P . = the uniform pull required to lift the load oi' over- 
come the uniform resistance. 
L . — the distance the weight is lifted. 
Pi' Pi — *^^ weights of chain hangmg at the 
ment and at the finish of the lift. 



Work d 
Workd 



a. lifting the fixed weight = P x 
Q lifting the variable weight = t!_ 



.-. Whole work = P X L + £l!:^' >; L = (P + £ii:P*)L 



= Area of rectangle and trapezoid. 
= Ai-ea of tha figure, ABCDEF. 



loatead of splitting up the figure for the diagram of work into two 
distinct parts, tiz., into a rectangle and a trapezoid, the trapezoid might 
bave been placed on the top of tbe rectangle with the line repreaenting jij 
as an extenfiion of AB or P. Then the diagram would not only point out 
the work done when the load was lifted any known distance, hut also how 
the resistance varied during tha operation. At first theresistance^P + ^'i 
at the finish, it is = P +p^ 

.-. Total work=(^±£') + t?+J^xL = (P + :Pi±?5)L 



The 



■esistances when the load has been lifted J, or i, or j of the full dis- 
I, will be represented by vertical lines drawn fiom\,\ieUQmQi;*J^\ias«. 
it A to the inclined line DE (when the tiapeiol4\a p\BK,e6. 
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Power or Activity is the rate ofdoiwj work.' — In eatiniftting 

testing the power of any agent the time ia which the work is 

done must be noted and token into account. Consequently, we 

apeak of the activity or power of a man, of a horse, or of an 

igine, as capable of doing so many foot-pounds of work per 

minute. 

TTnitB of Power, t — The unit of power adopted in this country 
is called the liarae-power. It U the rate of doing work at 33,000 
foot-powTuis per minute. 

The HorBS-power Unit was introduced by James "Watt, the 
great impi-over of the steam engine, for the purpose of reckoning 
the power developed by his engines. He had ascertained by 
experiment that an average cart-horse could develop 22,000 foot- 
pounds of work per minute, and bebg anxious to give good value 
to the purchasers of hifl engines, he added 50 per cent, to this 
amount, thus obtaining (22,000-1- 11,000) the 33,000 foot-pouuds 
per minute unit, by which the power of steam and other engines 
has ever since been estimated. 

To find the Horse-power of any Working Agent. — liividt 
the nitmiier qfjbot-pounds of wink which it dvea in one minute by 
33,000. 

Let P = Pull exei-ted or resistance overcome in pounds. 
L= Length or distance through which P acts. 
M = Minutes the agent is at work. 
H,P. = Horse-power. 
Then, 
M P - . P^J^ ■ P ^ H.F. x3 3ooQ>;M , , _ H. P. x 33000 
■ ■ 33000 >cM ' L ' P 

Example VI.— In what way ia the rate of doing work m 
in horse-power ? 

If 40 cubic feet of watei' be raised per minute thiwugh 330 
what horse-power of engine will be required, supposing that there 
is no loss of friction or other rasistances ? A'pte. — 1 cubic foot of 
water weighs 63^ lbs. (S. and A, Exam. 1893). 

of BC) at points J, J, and J of the length L from A. We purposely divided 
the diagram into two parts with the view of helping the student to see how 
the two portions of the work coald be treated eeparatelv, hat he should 
now draw the diagram for liitnself in tha waj jnst indicated. 

* The word jjoioer is very freqceatlj misapplied bj writers and atudents, 
for they often call the mere pull, pTessnre, or force exercised on or by lE 
ageob the power. Students Hbotild strenuonsly avoid this misuse of the 
word power, and never employ it ia any other sense than as expressing a 
ritte of doing iciH-t, or aetloity. 

+ I- "' Tiool Engineering the Unit of Power is called the Watt, and it 
eQ> I per second, or 746 Watts = t horse-power. 
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TO FIND THE HOBSE-POWEE OF ANY WORKISG AGENT. 

Answer. — The i-ate of doing work, as measured in horse-power, 
a equivalent to 33,000 foot-pounda of work done per minute, 
;. I cubic foot of water weighs 6zJ 
, 40 cubic feet of water weigh 40 x 62 j = 2500 lbs. 

and. Work done per minute = =—5 — i — 'l — .13 •_ 

PxL 



33000 X M 33000 x 
JVote. — Students will find it a great adva 
ing of time not to multiply iigurea together until the last stage of 
the answer has been reached, and then to cancel all common 
factors in numerator and denominator. For exrtmple, in the 
r to the above question we might proceed thus^ 
lat. 40 cubic feet of water = 40 x 6zJ lbs. 
and. Work done per minute = 40 x 62| x 330 ft.-Iba. 




f 
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LECTURE ir. — QUESTIONS. 

Lecturk II.— Qubbtions. 

_. Define the nnit o! work. What namo is given to this tmit ? In draw- 
ing a load a horse ejcetta a, ooDHtant pull of izo lbs. ; how much work will 
be done in 15 minutes, supposing the horse to walk at the rate of 3 milea 
anhourJ (S. and A. Eiam. 1891,) jlns. 475,200 ft. -lbs. 

2. How is the work done by a force roeaaured J The resistance to trac- 
tion on a level road is 1 50 lbs. per ton of weight moved ; how many foot- 
pounds of work are expanded in drawing 6 tona through a distance of 150 
yards 7 Ans, 405,000 ft.-lbs. 

3. Distinguish between force an-d work done by a force. How is each 
respectively measured 1 A traction engine drawn a loail of ao tona along 
a level road, the tractive force on t"he load being 150 lbs. pec ton. Find 
the work done upon the load in drawing it through a distance of 500 
yards. (3. and A. Emm. i88S.) Jim. 4,500,000 ft.-lbs. 

4. Find the number of units of mechanical work expended in raising 
136 cubic feet of water to a height of 20 yards. The weight of a cubic 
foot ot water is 62} lbs. Ans. 510,000 ft.-lbs. 

5. A weight of 4 tona ia rmsed from a depth of 222 yards in a period of 
45 seconds ; calculate the amount of work done. Am, 5,967,360 ft.-lbs. 

6. A hole ia pnnched through a plate of wrought-iron one-half inch in 
thickness, and the preasure actuating the punch is estimated at 36 tons. 
Assuming that the resistance to the punch is uniform, H&d the number of 
foot-pounda of work done. Atii, 3360 ft.-lbB. 

7. How is work done by a force measured ? Give some examples, Set 
out a diagram of the work done iu drawing a body weighing 10 ibs. up a 
smooth inchne 4 feet high, marking dimensions. (8. and A. Exam. 1889.) 

S. A train of 12 coal waggons weighing 133 tons is Ufted by hydratilia 
power (two waggons being rMsed at a time) through zo feet in 12 minutes. 
Estimate the work done in foot-tons. Taking the a' 
how many foot^pounds are done pec minute J (3. 
Ant. 2660 ft.-tona ; 496,533.3 ft.-lha per minute. 

9. The plunger of a force-pump is Hi inches in diameter, tha length of 
the stroke ia 2 feet 6 inches, and the pressure of the water is 50 lbs. per 
square inch ; find the number of units of work done in one stroke, and 
plot out a diagram of work to scale. Am. 7516-5 ft.-lbs. 

10. A chain 30 feet long, and weighing loo pounds per yard, lies coiled 
on the ground. Find by calculation and by a scale diagram of work how 
many units of work would be expended in just raising it by the tup sod 
from the ground. Am, 15,000 ft.-Iba. I 

11. A chain, weighing 3o!bs. to the fathom, is employed to lift 1 tot to 
a height of 30 ft. by winding the chain on a barrel. Find by calcnlamm 
and by a scale diagram of work, how many units of work will be eipeflded 
— (a) when the outer end of the chain is brought home to the baffi ' 
(b) when 18 feat of it are BtUl hanging free with the weight at the end 3 

12. Define the following mechanical terms ; — ITorce, work, unit of wL 
power, activity, and horse-power. A horse drawing a cart at the rattli 1 
2 miles pet hour exerts a traction ot 156 lbs, ; find the number of u— ** 
work done in one minute. Ana. 27a5° ft.-lbs. 

13. In what way is the rate of doing work measured in horse-ponl 
If 100 cubic feet of water be raised per minute through 330 feet, 
horse-power of engine will be required, supposing that there is no 1( 
friction or other resistances! -liw. 61-5 h.p. 

■ae, walking at the rate of i^ mWes pcv \it)ui,dTa™a « 
•means of a cord going over a «\ieti\,VQ'»' tna.ii'j « 
torfona in one minute! Ana. 2a,iiSo iX.-Vua. 
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CONTBNTB. — The Moment of a Force— Priociple of Momenta applied to the 
LeTBr^Eiperiments I. IJ. III. — Pcoasure On and Reaction from tlie 
Fulcra m—Equili brant and Itesultant of two Parallel Forcea— Conplea 
— Centre of Parallel ForcH or Positioo of Equilibrant and Resultant — 
Centra of Gravity — ^Eiamples of Centre of Gravity^The Lever when 
its weight is taken into Acoonnt — Examples I. II.— Position of the 
Folormn— Eiample III.— " ' — 



to l/ie force -multipiied by Ike 
n its line of action. 
I reGting on the point 0, and 
a the direction PA. Then, 




Moment of a Fobcb. 



The Moment of a Force ia eqiud 
perpend'ioidur distance froni, a j>oint o; 

For example, suppose a body to be 
a force, P, to be applied to the body ii 
if the perpendicular dktance from 
on the line of action of the force be 
OA, the nioment of the force P, tending 
to turn the body about the point O, is 
P >; AO. If the force be reckoned 
in pounds, and the perpendicular dis- 
tance in feet, the product will be in 
pounds-feet. The student must there- 
fore avoid confusing the answer with 
tt.-lbs. of work. 

Prinoiple of Momenta. ^If any number of forces act in one 
plane on a rigid body, and if these forces are in equilibrium ; then 
the principle of moments asserts that the sum of (Ae m.om.enta of 
those fwcea whidi tend to turn the body in one direction about a. 
point, is equal to tlie sum of the mo-jnenfs of the forces which t£nd to 
turn the body in the opposite direction ahmit t/te same point. 

Or, to sta.te the principle more concisely, the opposing momenlg 
about Uie point are eqital. 

If the momenta of those forces which tend to turn the body to 
the right hand {i.e., in the direction of the motion of the hands 
of a clock) be called positive { + ), and the moments of tbe remain- 
ing set of forces which tend to turn the body to the left hand (i.e., 
in the opposite direction to the movement of the hands of a clocS) 
be called tugative { — ), then the aU/ebramd sum c/ tfte monwats of 
ihejorces which act in otii plaiUf aatdi wJiich ore va equiliil/nAii 
a point, is eero. 
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rt6 Lixninai m. I 

Frinciple of Uoments applied to the Iievar,— A lever is 

nply a rigid rod, bar, or beam, capable of turning about a fixed 

point called the fulcrum (F). Aet- 

I F A ing on the lever in one direction ia a 

force or set of forces which we shall 
term the pull or pressure (P), and 
in the other direction there ia the 
resistance or set of reaistancee to be 

I overcome, which we shall term the 

^ T A 1 weight (W). The pressui-e, P, and 
X JP the weight, W, produce a reaction 
VS) '-^ at the fulcrum, which ia called the 
equilibrant (E), 
B The parts of the lever between 

ithe fulcrum and the pressure and 
between the fulcrum and the weight 
are called the arms of the lever. 
^ The accompanying three figures 

■J EquILIBElu^f. show three waya in which F, P and 
\V may be arranged with a straight 
lever.* In each case, the opposi7ig moments about the fulcruvi are 
equal, tehen the lever ia in equilibrium. 

Or, . . P y AF = W « BF 

aatisfies the conditions for equilibriwin in the case of a lever. 

Experiment I.— To prove the foregoing statements, take a 
rigid homogeneous bar, AE, of uniform section. Let the bar be 
of yellow pine, i inch deep, J inch broad, and 32 inches long. 
AttAch to the ends, A and B, light flexible cords with small hooks 
at their lower ends, and attach to the middle of the bar at F 
another light flexible cord, and pass this cord over a pulley having 
a minimum of friction at its bearings. Fix such a weight to the 
free end of this middle cord as will just counterpoise the bar and 
cords. Test the accuracy of this preliminary adjustment by 

* The levers represented bj tbe above three figures are aasumed \o be 
withont weight. A force, P, acts through a perfectly flexible, weigbtlesa 
cord at A, and another force, W, acts also throagh aa exactly similar 
cord at B, with the fulcrum at F in each case. In tbe second and tbird 
case the cord attached at A pastes over a frictionleaa pulley in order to 
give the necessary direction to the force P. These three relative positioog 
pf P. W and V Dsed to be termed the first, second and third order of levers; 
but there is no necessity for any such distinction, since all tbe student has 
o remember is this, that when equilibrium esista the opposing moments 
itthefnlommareeqnal,i^.,(PxAF=WxBF),or, Z.= 5?, or^=*? 
^ ' ^ ' W AF' P BF 

o W to P iB termed tbe thtoretieal advanloffr of the lever. 
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HTOjserving whether the bar hangs horizontal, and, if pulled down . 

" or lip a little, whether the weight balances the bar and corda. 

Now affis ei]Ual weighta, P, of, say, 4 oz., to the cords hanging 



^r ESPEBIMENT I. ON FjtBALLEL FOBCES. 

from the ends A and B, and add an equilibniting weight, E, of 
8 Dz. to the end of the central cord. You will find that the bar 
will come to rest in a horizontal position, thus proving that— 
P X AF = P X BF 
i.e., 4K) '■ 16" = 4K) -^ 16" 



Also, that the equilibrant. 



s oz. = 4 oz, + 4 oz. 
If P and P are now removed from the ends A and B, and a 
single weight, E, of 8 oz. be hung fi-om F {as repi'esented by the 
vertical dotted line and an'ow), the rcRutt as far as the bnlancing 
of the system is concerned will be tmaffected. 
Consequently, R = E = P + P 

i.e., 8 oz. = 8 oz. = 4 oz. + 4 oz. 

Or, the resultant of two equal parallel forces acting in the same 
direction is equal to the sum of the two forces, and actn midway 
between them and parallel to them — i.e., at the same point a 
equilibiunt, and in the same line therewith, but in. the. o^'^ftsi 
direction. 
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Experiment II, — Take another rigid homogeneous bar, AB, of 
the same uniform Roction as the previous bar, but let its length 
be 24 inches. Attach cords with hooks to the ends A and B, and 
to a point F, say 8 inches from A and 16 inches from B. Pass 
this latter cord over the guide-pulley, and fix it there until you 
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have just added sufficient weight to the end A to balance the 
longer end BF ; then unfix the end of the middle cord, and 
attach such n weight to it as will counterpoise the whole Rystem. 
Now attach to the cord at A a weight P= 16 oz. ; to the other 
end, B, a weight Q ; and a weight at E, so as to again balance 



the whole system. It will be found that Q equals 



E equals . 



. and 



,, thus proving that — 
AF = 



.6 (oz.) 



BF; AF 



AF 
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Or, the point F is twice the distance from the end B that it is 
from the end A, and P has twice the value of Q. 
Also, that the equiUbi-ant, 

E = P + Q 
For, 24 oz. = 16 oz. + 8 oz. 

If P and Q be now removed from the coi'ds at A and B, and a 
h tingle weight, B, of 24 oz,, be hung from F (as repra'iented by 
(:ihe vertical dotted line and arrow), the i-eault, aa far as the balanc- 
of the system is concerned, will he unaffected. 




Consequently, 11 = 
For, 24 oz, = 

Or, the remdtimt of any two parallel fottxa acting 

direction ia equal to the sum of the tioo forces, and acta paraUel to 

fm, and at a point between them, so that the ratio of t/ie force* is 
lerstly proportional to their diatatices from thepoint; or so that — 
P L Q :: BF : AF 
Fresanre on, and Beaction ftom, the Fulcrum, — ^You may 
also conclude from these two experiments, if the lever had 
been balanced on a knife-edge or journala, that the pressure on 
the fulcruai due to the forces P and Q would have been equal to 
and a<!t in the direction of the restt/tant R, and that the reaction 
from the fulcrum would have been equal to and act in the 
dii-ection of the equiltbrant E, 

EsPEBiMENT 111, — Supposing that in the last experiment, after 
adjusting the level- by placing acounterpoieo weightat A, in order 
to bring the beam to a horizontal position, and after balancing 
the weight of the beam and cords by an equivalent weight at 
position E, you added a weight Q, of 8 oz., to the cord at B, and 
a weight E, of 24 oz., to the cord attached at F, the beam would 
turn, and would only be brought to a horizontal position by 
attaching a weight at A of 16 oz. Hence you observe that P 
acts at A as the equilibrant both in direction and magnitude to 
the two unequal paiallel non-concurrent forces Q and E, Conse- 
quently a force equal and opposite in direction to P would be the 
resultant of the two forces Q and E ; and it would replace their 
combined effect on the balanced beam. 

Further, P =^ E - Q; 

for, 16 oz. = 24 oz, - S oz. 

And the moments about the position where the equilibrant acta 

for ' Q X BA = E X FA 

i.e., 8 (oz.) X 24" = 24 (oz.) X 8" 

Equilibrant and Beaultant of Two ParaJlel Poroea. — 

From the above experiments you conclude that the equilibrant 
and the resultant of an>/ two concurrent parallel foi-ces are equal 
to their sum, and any two ujiequal non-concurrent parallel forces 
are equal to their difference. 

Couples. — When the two parallel forces ai* equal and act in 

ite dii-ectious upon a body, they are termed a couple. The 

ndioular distance between the two forcwi is tevicisi ^ Ow 
/the c(Hiple," a.nd the " mcmtent of the coufla" i.at\\6^\o&.\«A.« 
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e of the forces and the arm. A couple simply Uiida to 
rotation oftke body upon which it act»,for it has no resvll 



One couple can, however, be equilibrated or balanced by another 
couple of an equal moment, acting in the eame plane, and tending ti 



I 
I 




1 
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Two Balancibq Couples. 



turn the body in the opposite dii'ection. In the accompanying 
figure the couple P,AP,P wUl be balanced by the couple Q.CB.Q 
if their moments are equal ; i.e., if 



AB . 



; CD.* 



"We shall frequently have to refer to practical examples of 
couples, Buch as in a ship's capstan, the screw press used in copy- 
ing manuscript, pressing bales of goods, and the fly press for 
punching holes in tbiii platee, or for stamping or embossing 
metals, &c. 

Centre of Farallel Porees, or Position of Equilibrant 
and Hesultant. — From Experiment III. and the accompanying 
figure to Expei-iment II., you conclude that the position where 
the equilibrant and resultant act is such, with I'espect to the 
positions where the forces act, that the moments of the forcea 
about that position are equal and opposite in effect upon the 
lever. 



For, Q X BA = E (or E) >< FA ; 



Q _ FA 



E 



BA 




olbs. i AB ^ I 



ft. and CD =^ 8 ft. 
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:., S^o..)x 24" = mK) ^ 8"; or, 1 = 1.= ' 
24 Z4 3 

And P X AB = E (or B) >< FB ; or, 4" = ^ 
^ ■' E AB 

i., 16 oz. X 24 = 24 (oz.) X 16 ; or, _- = - ^ _ 

The fulcrum F, where the Bquilibnmt and resultant act, is 
termed the ceiUre of the two parallel forces, and it is \ of the 
length of the lever from one end, and | from the other end. 

Reasoning generall)' from this particular case, if you have any 
two unequal noji-coucwTenC parallel forces, P and Q, acting on a 
body in the directions AP and BQ respectively, -md of which Q 
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it! the greater force, then if the line AB be drawn perpendicular 
to the dii-eotiona of these forces, and prolonged, a single force E, 
parallel to P and Q and equal to Q — P, will balance these two 
forces at a point C, so tfiut the iitojnenia about G are equal and 
op voaite; or, 
HI P X AC = Q X BC 

^^^^^irther, a force E, equal and opposite to E, acting at C, will 
^H^resent the resultant of P and Q. Thin point, C, is termed the 
oenbre of the parallel/wees. 

The position of the point C, which is determined by the above 
equation, is not affected by the directions of the forces so long as 
they a«t at the same points A and B, and have the same mag- 
nitudes. 

You may imagine any number of parallel forces acting in one 

plane being replaced by a single force. For in the above caaa 

you have formed a resultant, K, for the Wo lotta* "? o.'aft.*^! 

conaequentiy you could find a resultant, R,, ^ot; "&• Mii aa-j «■■** 

poiiUlel force -ea.y Si aail so on for any aumbei-. 
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IVte final reatdtant of the whols of Uiefin'ces would act at a point 
whidi would be <Ae ceiitre of the Sygtem of tfie vihole of the par(i£ ' 
forces aetinij on the body. 

Centre of Q-ravity. — Since gravity attracts towai-da tl 
eadi particle of matter of which a body is composed, the * 
of a body may be considered as the sum of a system of pa 
forces. The centre of these parallel forces is called the centre i 
gravity of the body, and is the point where the resultant of ^ 
tseights of all the particles composing Uie body acts. 

The following statements in small type, which are generally 
proved as propositions and corollaries in books on Elementary 
Theoretical Mechanics, should be remembered by the student ; — - 

T, lEabodyiBsymmetrital, the cejitre of gravity (or cj. of the body) coin- 
cides with the ceDtxe of the laass. 

2. If a body be nniform, the eg. coincides with the centre of volume. 

3. In a plate of uniform thickness and density the eg. coincides with 
the centra of surface. 

4. If the eg. of a hody be determined for any one position of the Ijody, 
the Bame point ia the cj. for every other position. 

5. If a body be supported on its centre of gravity, the body will balance 
in any position. Or, a body will balance about its eg. in all positions. 

6. It a body balance in all poiitions about a straight line through it, the 
eg. lies in that line. 

7. If the eg. be vertically above or below the point of support, the body 
will rest in that position. Hence, if you balance or support a body from 
three difEereut points, the e.g. lies in the intersection of the three vertical 
lines from the three points respectively. Or, if you balance a, body on an 
edge, the e.g. is in the vertical plane passing through that edge. Balance 
it again on a different edge, thus finding another plane which passes 
through the c,g. Then the eg. lies in the alraiglit line constitnting the 
intersection of the two planes. Balance the body for a third time in 
another position, then thepoiat where this third vertical plane interseota 
with the straight line will be the eg. of the body. 

8. The eg, of regular geometrical bodies may easily be found by mere 
inspection when they are of uniforai density. 

For Example.— The c.g. of a line is at the middle of the line ; of a oiVcfa 
at its centre ; of a sphere at its centre ; of the surfiice of a unlfona cijUnder 
and of a tdid cglinder at the centre of the axis ; of a }iaralku>gram at the 
intersection of its diagonals ; of a triangle at the intersection of straight 
lines drawn from two of the angles to the middle points of the opposite 
sides — i-f., at a distance from one of the angles alon^ one of these lines 
equal to § of the lino ; of the perimeter of a triangle (i.e., of three uniform 
rods forming a triangle) at the intersection of the two straight lines which 
bisect two of the angles of the triangle formed by joining the centres of 
the three uniform rods ; of a pi^ygon at the point of application of the 
resultant of the parallel forces represented by the areas of the respecHve 
triangles into which the polygon may be formed, and where each of these 
forces is considered to act at the c.g. 0! its own triangle ; of a jiyramid at 
j of the line from the vettex to the e.g. of the base ; of a toiie at j of the 
*" " ■ ' he vertex ; of the curved mr/ace of a eoiie at | of the axis from 

; of aj?ri«niat the middle of the hue connecting the ci/.'s of its 




The Iierer when its Weight is t&kea into Account.— 
In tliis cage we have to add tho moment due to the weight of the 
lever, to the moment of P or of W according as it nets along 
with the one force or with the other ; i.e., nccording as tho e.g. ot 
the lever is on the same side of the fulcrum as P oi- W. When 
the lever is of uniform section and density througlioiit, then tho 
CI/, of the lever is nt its middle point, and consequently the 
whole weight of the lever may be considered as concentmted and 
acting at that point. 

^H Weiqut ok Lev£b CoNsiDmiicu. 

Let AB be a uniform lever, of weight w, acting at ita o.g. or 
middle point C, let a weight, W, be attached to the end B, then 
the force P, which will have to be applied to the other end A, in 
order to balance the whole about tho fulcrum F, will he found 
by taking moments about F. 
Thus, P X AF + o X C F = W X BF 

0,- .... p = WxHF-,..OF 

AF 
Example I.— A uniform lever, 5 ft. long, of 30 lbn, weight, is 
placed on a fulcrum 10 in. from one end, and has 11 weight of 
loo lbs, attached to the shoit end. What force must be applied, 
and in what direction, in order to produce equilibrium ? Also, 
what is the pressure on the fulcrum, and in what direction does 
the reaction from the fulcrum act t 

Keferring to the above figure, we find from the question that 
Sft. = 6oin.; BF=ioin. .'. AF = so '"■ indOF = zo in, 
W=ioo Iba, and 10 = 30 lbs. 
2, By the principle of moments — 
77te Opposing MimienU about (Ae Fulcrum are equal. 
Consequently, P x AF + w x CF = W >: BF 

■ p_W xBF-»;.<CF 
AF 
Substitutuig the numerical values — 
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P a«te vertically doicnirardi, since the moment due to the 
weight of the lever is not sufficient to equalise the moment doe 
the weight W about the point F. 

4. The pressure on tlie fulcrum is evidently equal to the sum 
all the forces, Kince all the forces act in one direction, or verti< 
downwards. It is therefore ei^ual to 

W + w + P = 100 + 30 + 8 = 138 Iba. 

5. The reaction from the/ulcrum is equal and opposite h 
tion to this resultant. It therefore acts vertically upwards, 
is the equilibrant of the whole of the forces, for a vertical force of 
138 lbs. applied to the lever at F would counterpoise or just lift 
the whole bar with the attached weights P and W. 

Example II.— Suppose everything the same as in the previous 
example but the weight of the lever, which you may consider as 
now equal to 60 lbs, ; what force P would be required, and in 
what direction would it have to act, in order to produce equili- 
brium t Also, what would be the resultant or downward pressure 
atF. 

1. You obsei've at once that the moment of the weight of the 
lever is greater than the moment of W about the fulcrum. 

For, w K CF > W X BF 

Since, Co >: 20 > 100 » 10 

Consequently by the principle of moments P must act ogainsC 
tc, or vertically upwards, so as to assist W, in ordei' that the oppos- 
ing moments about thefidcram may be equal. 

2. The formula therefore becomes 



I the 
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Or, 



:CF 


-P 


XAF: 

!<CF = 




BF 
BF 


MfX 


CF 


-Wx 


BF 





-PxAF 



Substituting the numerical values, we have 

3. The itsvltant pressure at F is equal to the algebraical sum <j 
the forces, or 

W + M> - P = loQ + 60 - 4 = 156 lbs. 

And acts vertically dovmioards. The equilibrant would tin 

L fore he 156 lbs. acting on the lever at Fand verticiklly upwardK'l 

Position of i)te Fulcrum. — lu answering questions which givft 

Bthe magnitude of the forces with which they act, and require only 

answer for the position of the fulcrum, the student haS' 



AF = 
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simply to employ the genei-al formula for the principle of mo- 
ments, and then to Bubatitute the known numerical values in 
order to get the unknown. Or, he may reason out the formula 
into the following shape, and then interpolate tlie numeiical 
values. Beferring to the laat figure, suppose that the distance 
AF is required : 

Then, lugkcling the weight of the levtr, we have by the principle 
of moments — 

P X AF = W X BF = W (BA - AF) = W K BA - W X AP. 
Or, Pk AF + Wx AF = AF(P-l-W) =WxBA 
WxBA 
P + W 

Now, taking tin weight of t]ie lever into luxounl, we have by the 
principle of moments : 

Px AF + wxCF = WxBF. 
Or, 

P X AF + 10 (AF - AC) = W(BA - AF) = W x BA - W x AF. 
Or, Ri 

f( AF 4- w X AF + W ^ AF = W X BA + (/; X - - = BA (W + Jw) 
. BA{W + ^.r) 

■•^ p + w+W 
Example III. — Where should the fulcrum lie placed under a 
uniform lever in order to produce equilibrium, if the lever is 5 ft. 
long, weighs 30 lbs., and has weights of loo and 8 lbs. respectively 
^^pg at its ends. 

^EXIrom the above general equation for equilibi'um — viz. : 
^K PxAF+wxCF = WxBF 



AF=^?ii^^±I5) = 60 inches. 

8 + 30 + 100 

Which proves the data, given in Example I. to be correct. 
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Lbotuhb III,— QU 



of a force,'' 



i give a 



I. Define what ia meant bj " the a 
ample with a atetch. 

z. State '' the principle of moineDts," and apply it to the caae of s 
simple straight lever. 

3. A weight of lo lbs. on the end of a lever 100 inches from the centre 
of motion is fonnd to balance a weight of loolba. atadistanceof 10 inches. 
Esplaiu the natural law which gorernB matter and moLion, upon which the 
above mechanical fact depends. ( Jnsioer this by giving tlie dcfiiiiiioii o/lM 
pritKipk 0/ vunMHln.) 

4. Deacribe an experiment to prove the equality of the moments when 
the pull is between the weight and the fulcrum and acts in the oppoaite 
direction to the weight. 

5. In the case of a straight lever, how would you ascertain the presanre 
on and the reaction from the fulcrum 7 

6. Three forces, of 12, 10 and 2 lbs., act along parallel lines on a ri^ 
body ; show by a sketch how they may be adjusted so as to be in eqmli- 
brium J Alls. The force of 12 lbs. must act as the equilibrant to the forcoa 
2 and 10 Ihs.— E'.e,, in a line with their resultant, but in the opposite ditec- 

7. Two parallel forces of 10 and 12 lbs. act in opposite directions on a 
rigid body, and at 2 feet apart. Where is the centre of the two forces, 
and whatis their resultant! Am. lo feet from the force of 12 lbs., 2 Iba. 

8. Define the " centre of gravity " of a body, and show how you would 
find it experimentally in the caae of any irregular body. Give an example. 

9. State the rule which applies when two uneqaal forces balance on 
opposite sides of the fulcrum of a straight lever, the weight of the lever 
being neglected. A uniform straight lever, 4 feet long, weighs 10 lbs., the 
fulcrum is at one end ; find what upward force acting at the other end 
will keep the lever horizontal wten a weight of 10 lbs, is hung at a dis- 
tance of I foot from the fulcrum. Find also the pressure on the fulcrum 
and the direction iu which it acts. [S.andA.Bxam, 1S91.) Auk, 7'5lbi,; 
I2'5 lbs. downwards. 

10. A uniform bar, 4 feet long and weighing 4 
fulcrum at one end, and a weight of [o lbs. is hung upon the bar ai 
tance of i foot from the fulcrum. Find the upwarf force at the free end 
which will keep the bar horizontal. (S. and A. Exam. 1SS7.) Ann. 4-5 Ihe. 

I I. A uniform bar of metal to inches long weighs 4 lbs., and a weight 
of 6 lbs. ia hung from one end. Find the fulcrum or point upon whioh the 
bar will balance. Atu. 2 inches from 6 lbs. 

12. Two parallel forces whose magnitudes are S and 12 lbs. respectively, 
act in the same direction on a rigid body at pointa lo inches apart. Find 
the magnitude and line of action of the resultant of the two forces. Am, 
20 lbs. at a point 6 inches from the force ot 8 lbs. 

13. A uniform lever ia 5 feet lon^, and weighs 10 lbs., the fulcrum being 
at one end. A weight of 30 lbs. is hung at a distance of 4 feet from the 
fulcrnm ; what upward force acting at the middle point of the lever will 
keep it in a horizontal position ? Am. 58 lbs. 






LECTUEE IV. 

Contents. — Practical AppUoatious of tlieLover — TheSteeljard, orBoman 
Balance-Graduation of the Steeljurd— The Lever Safety Valve — 

»£]ituiipte I. — Lever Machine for Teetiog TenBile l^trengtb of Materials 
— Straight Levers acted on by Inclined Forces— Bent Levers — Tlie 
Bell Crank Lever— Bent Lever Balance— Daplex Bent Lever, or Lum- 
berer'a Tonga — Turkns, or PinoerB— Examploa IL and III. — Questions. 



In this Lecture w 
application of the 1( 



give 



tuber of examples of the 




Si££LTASD, OB Roman Balahck. 

Index to Fabth. 



GA 






F tepresentH Kutcrum. 

Gtadnatcd arns. 
Sliding weight. 
Poll due to SW 
Scale paD. 





w 




Weight ir 


sr. 








DiHtjincic 
froml' 






BF 




Difltance 


1 



I 



LECTURE IV. 

The Steelyard, or Roman Balance, is a straight lever with 
unequal uins, baviug a movable or eliding weifjlit oa tiie longer 
arm. Il is very much used b; butchers for weighing the carcasses 
of cattle and sheep, and in such cases it generally has two fulcra 
and two bchIcs of division (xuTespouding to them, the one set 
being, auy, for hundrurl weights imd the other for pounds. 

Graduation of the Steelyard. — The practical method of gradu- 
ating the fitoelyikrd is to put unit weight {sny i lb.) into the scule 
jKtD, SP (or attach it to the hook on the shurter arm if there 
should be no such pan), and miu'k the position where the sUding 
weight, 8W, has to be placed in order to cause equilibrum. Mark 
this position t on the H^ale. Then put in two units (say i lbs.) 
into SP, Aod adjust SW hh before, marking its new position ee 
2 on the scale ; and ho on until SW is at the end of the longer 
arm. 

In this form of steelyard, if the diHerenceu of the weights W, 
corresponding to successive (hstances, i to 2, to 3, &c., be the same, 
the graduations will be equal to each other, If the lever wbe 
unloaded, the longer arm woulJ preponderate. Conse()uently, let 
be such a point on the shoi-tev arm that, if the sliding weight 
8W be suspended from it, the beam would hecome horizontal- 
Then a pull, P at O, cjniseh the whole l>eam to be balanced about 
the fulcrum F. In the longer arm take a point G, such thiit 
rc = FO. Then the c.y. of the lever is at C, for, if the beam 
had no weight, P at C would balance P at O ; and the moment 
P X C"F = tho moment of the beam. Now remove P from 0, imd 
place it on the long arm. Put a weight, W, in the sciile pan, and 
slip SP along until equilibrium takett place. 

Then, WxBF==P>:AF + PxCF 

W«BF-P(AF-hCF) = P(AF-i-FO) = Px AO 
.'. W = -^^ , of which P and BF are constant. 

ffetux the weights attach^ at II vary directly m the distaiuxa (^ 
the sliding weight from the poiiU 0. Therefore the gradwUioM 
commeiux virluaUt/ at 0, and not at F, or is tite zero of (he scale. 
For, if W = P, the distance fi-om O to where P would have to be 
placed to balance it would be equal to AC. IE W = 2P, the 
distance from O to where P woiild have to he placed to baJauce 
it would equal twice AC ; and so on. 

The Lever Safety Valve." — The lever safety valve ia a simple 

' For a more detailed descrfption of safety valvcj and their a 
refer to Lecture XXVll, o( tlie author's Bloraentory Manual c 
aud the Steaia £ngiue." 
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coDti-ivance fixed on the top of a. bailer for the purpose of auto- 
matically preventing the Kteam exceeding an agreed-upon working 
prepflure. 

Referring to the ahove figure, VC is a oast-iron valve chest, 
containing a tightly -fitted gun-metal valve seat, Y8, on which 
rests a steam-tight gun-metal valve, V. On the centre of the 
upper side of this valve rests a conical steel pin attached to a 
straight lever hy an eye and bolt. One end of this lever is fi'ee 
to turn on a fulcrum fixed to the upper flange of the valve chest, 
^buid a lock-fast cast-iron weight is placed near the other end, eo 




thut the downward moment of the weight about the fulcrum 
balances the upward moment of the steam pressure on the valve 
"(Out the same fulcrum. 

Let L = length of lever in inches from fulcrum to the e.g. of 
the weight, W. 
P = Distance in inches from fulcrum to centre line of 

valve, v. 
G = „ _ „ „ to c.y. of the lever. 

W = Weight in lbs. of the cast-ii'on counterpoise block, 
W, = „ „ lever. 

W, = „ „ valve. 

P = Pressure of steam in lbs. per snua,i^ u\c\\. 
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d - Diftmeter of valve in inches, 
A =Area of valve in square inches = --(?. 
P K A = Total pressure in lbs. on the valve. 
Then, by taking moments about the fulcrum, we find the pressure 
of st^m per square inch which will balance the several forces. 
For the ujnoard mmneTU=OiS stim of the domnuwrd momenta. 

(PxA-W„)F =(W^L) + (W,xG). 
Or, {PxA)xF =(W>rL) + (W,xG) + (W,xE) 



.P = 



W X L + W, X G 4- W„ X F 



A«F 



If we neglect the weight of the lever and the valve — 
Then, {PxA):<F = W«L 



Or, 



P=A-F 






ExAUFLE I. — A valve, 3 inches in diameter, is held dot 
lever and weight, the length of the lever being 10 inches, and the 
valve spindle being 3 inches from the fulcrum. Yon are to dis- 
regard the weight of the lever and to find the pressure per square 
inch which will lift the valve wJien the weight hung at the end 
of the lever is 25 lbs. 



,tEE^ 



m 



Rflfemng to the previous figure as well as to the luwompaayi 
one, we see from the question that 

rf- 3" .-. A = Jd'= .7854 X 3 « 3 = 7.07 aq. ins.; 
BF= 3", AF= 10" and W = 25 lbs. 
Taking momenta about F, we get — 
(Px A)>cBF = W>; AF 
Px7-07>= 3 = 25^1° 

P = ll-8 lbs. per square inch. 

Testing Maohine. — The following figures illustrate a 

which is used for testing the tensile strength of iron, steel and 

like materials. It consists of a combination of levers. After 
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mastering the geneml aiTangement of the machine by comparing ij 
the index to parts with the side elevation, the student should ', 
refer to the accompanying skeleton diagram (where the same index ^ 
lettefs have been used), from which he will readily undei-stand how I 
the stresses are transmitted and magnified. 

Looking at the second of the above figures, or skeleton diagram 
oE the levers, it will be seen that when equilibrium exists between 
the stress W on the specimen S, and the pull P, applied at A,, 

P X AjF, = R X BjF„ and E, x A,F, = W v. B,F, I 

P X A,F, W X B,F, I 



.B= 



A,F, 



„ „ ^j PxA,F, xA,F, 

Consequently, "'^^"p ^rf — 

Straight Levers Acted on by Inclined Forces. — In the ' 
previous Examples and in Lecture III. we have considered the 

forces P and W as acting at right angles to the straight levers. 
In such cases the forces had the greatest advantage, or their 
turning moments were a maximum. But the prindpU of momenta 
is equally applicable to inclined forces acting on straight levers and 
to bent levers. 



Stkaioht Levbub with Imclineo Foeces, 

For, let A|B| bo a straight lever acted on by inclined fonKB, 
P and W, "Draw from the fulci'um, F, lines at right angles to 
the produced directions of the forces as shown by the dott«d lines 
in the above figure. 

Then, the effective arms for the forces P and W are respectively 
A,F and B,F; and equilibrium takes when their momeilts about 
Fare equal ; 

i.e., when F x A,F = W x B,F 

Or, P : W : : B,F, or B,F : A,F. 

Sent Levera. — The Bell Crank LeDer,— T\ie earoi* -^lua^ 
I «/ aetion bold good in the case ot \>evA, \6\-ot&. lafe^a aa ckSb- 



BENT LEVERS. 
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nary right-angle bell crank lever, as shown by the accompanying 

I' figure. Here the effective arms are equ.il to the actual arms of 
the lever, because the forces have been shown as acting at right 
angles to tlieir respective arms, or with maximum turning 
moments. 

Therefore, P x AF = W x BF. 

But, if the lever be twraed round through any angle by, say, an 

extra pull at P, then, in order to asoertalu the virtual momenta 

we should have to draw lines at right angles fi'om F on the 

I directions of P and W in order to calculate their effective 




Bell Crank Levee 



Best Lbvbb Bai 



Bent Iisver Balance. — Examine an ordinary bent lever 

balance, such as is frequently used for weighing letters and light 

parceln, wiiere the force P is a constant quantity, and the variable 

forces W is represented by the article to be weighed, As shown 

I by the accompanying figure, the effective arms change with each 

weight to be ascertained, and consequently the scale S of thia 

i balance has to be graduated by trial, or by introducing standai'd 

' pounds, such as SP, or other units, and marking the values on 

the scale opposite the position where the end of the pointer on 

P comes to rest. Or, the graduation might be done by plotting 

the various positions of the arms and values of the forces to scale. 

Kthe illustration we have evidently got ecpiilibrium when 



AF - W : 



BE. 



taplex Bent Lever, or Lumberer's Tongs, — TKe wwawv- 

■pe^ying Uluati^tion shown u very useful and ttim^Xe a\i'^wa,\Mm <S. 
the bent levee, which is useii at the end oE a,wViw;\i oi: cva.ii.'e "^ '•"" 



r 
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for affixing to and holding fasb stones, logs of wood, blocks of ice, 
or other heavy articles when they have to be lifted. 

F, P indicate the directions of the pulling forces on the short 
chains between the ends of the shorter arms and the common link 
which is attached to the crane chain. F is the common fulcrum, 
and "W, W show the directions of the forces with which the article 
is gripped. The student will be able to draw a diagram of the 
forces and calculate their effective momenta for himself for any 
paHicular case. 

Tha TurkuB, or Pincers.— The ordinary carpenter's turkus, 
or pincers, which is frequently "used for extracting nails from wood, 
is another familiar illustration of the duplex bent lever, ^s 
shown by the accompanying figure, the forces P, F represent the 
forces with which the pincers is gripped by the hand after tha 
jaws have been closed on the neck of the nail, and the force P 




the pressure which has to be eserted by the ai-m and body in 
order to extract the nail from the wood- — i.e., to overcome tlio 
frictional resifrtanee, W, between the wood and the nail. Aa 
shown by the sepai-ate diagram of forces in dotted lines, straight 
hues have been drawn, not from the joint of the pincers, but 
from a position representing the fulcrum 1' (or point where Uie 
nose of the pincei-s rests on the wood), perpendicular to the direc- 
tions of the forces 1' and W, in ordei' to obtain the lengths AF 
and EF of the effective anns of the bent lever. 

Here again, P x AF - W -( BF. 
Example 11, — The handle of a claw-hammer is 15 inches 
long, and the claw is 3 inches long. What resistance of a nail 
would be ovei'come by the application of a pressure of 50 lbs. at 
' " e end of the handle ? 



W You are required to show, by a diagram, the manui 
you arrive at jour result. (S. and A. Exam. 1892.) 



Answek. — Here we have £ 
fulcrum at F, and eft'ective ar 



tuple cB^e of a bent lever, with. 
, AF, BF, 15 and 3 iuches long 



I 
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respectively. Let W represent the resistance in lbs. oflercd by 
the nail at B, Then, by taking moments about F, we get 

hW X UF = P X AP 
Or.W X 3 = 50 X 15 



. W = 



= 250 lbs. 



ExAHFLB IIT. — State the mechanical law known as the Principle 
oj the Ltixr. In a pair of pincers the jaws meet at 1^ inches from 
the pin forming the joint. The handlcM are grasped with a force 
of 50 lbs. on each handle at a distance of 8 inches from the pin. 
Find the compressive force on an object held between the jaws, 
and also the pressure upon the pin. (S. and A. Exam. 1 888.) 

Let P denote the force of 50 lbs. with which the handles are 
grasped at a distance of 8 inches from F, the pin. Let W denote 




the compressive force on the object O, and E the resultant I'eaction 
or pressure on the pin or fulcrum F. Although there are two 
levers here, each having a common fulci'um, F, it in best to con- 
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aider the action of one lever only. Suppose the lower handle, H,, 
to be fixed, and consider the action of the upper handle, H^. It 
then becomes a simple question on the lever, 
(i) To find W, take moments round F, then 

W X i^" = 50 X 8" 

.*. W = 266*6 lbs. 

(2) To find B, the pressure on the pin F, take moments round 
then 

R X 4" = 50 X (4 + 8") = 50 X 9i" 

• •• H = 816-6 lbs. 
Or, since B must be the resultant of P and W, we get 

R = P+W=:5o + 266-6 = 8166 lbs. 



UOTORS' IV, — QUtSTIONS. 



Lecture IV. — QunaTiOKS. 

. Sketch and describe the steelja-rd, or Roman balance, and explain 

fnllr how the gradaationB on the scale are equal for oqiial differences in 
the weights applied to the shorter arm. 

2. Sketch and describe a lockfasC lever safaty vatre. A valve, 3 
inches in diameter, is held down bj a lever and weight, the length ot tlie 
lever beine^ 30 inches, and the valve spindle being 4 inches from tha 
fulcrum. You are to disr^ard the weight of the lever and to find tho 
pressure per square inch which will lift the valve when the weight hang 
at the end of the lever is 56 lbs. An). 52-5 lbs. 

3. The diameter of a safety valve is 3", its weight 3^ lbs. ; length of 
lever is 30", and its weight 16 lb.". ; tho distance from fulcrum to centre 
of valve is 3", and to e.g. of lever 12". Find where a weiglit of 50 IK1. 
must be placed on the lever in order that steam maf Just blow off at 70 lb?. 
per square inch b; gauge. Aid. 25-65 inches from the fulcrum, 

4. The safetj' valve of a boiler is required to blow off steam at loo lbs. 
per square inch bj gauge. The dead weight is too lbs. , weight of lever 
10 lbs., and cf valve 5 lbs. ; diameter of valve 3^') distance from centre o( 
valve to fulcrum 4", from e.g. of lever to fulcrum 15". Where shoold yon 
place Ibe weight on the lever I Ann. 36S ins, from fulcrum. 

5. Sketch and describe a lever machine for testing the tensile strength 
o£ materials. If the advantage, or ratio of pull P to resistance H in the fintt 
lever, is 5610 i,ando£theaecondlevec40 to i, what stress will bo produced 
on the test specimen when P = 100 lbs. 1 Ana. 100 tons. 

6. A force of 100 lbs. acts at one end. of a straight lever, but at an angle 
of 60° to it. What force acting at the other end of the lever, at an angle of 
45° to it, win keep the lever in equilibrium if the fulcrum bo placed halt 
the distance from tbe first force that it Is from the second 1 Draw a dia- 
gram of tbe forces and their eifective arms. Am. 61.25 "^^■ 

7. Sketch a bell crank lever, to convey a small movement from one 
line to another, cutting each other at 6o° ; the spaces moved through to 
being as i to s. 

8. The handle o[ a claw'hammei' is 12 inches long, and the claw is 3 
inches long. What resistance of a nail would be overcome by the appli- 
cation of a pressure of 4olbs. at the end of the handle I Show, by a diagram, 
the manner in which you arrive at yonc result. Ana. 240 lbs. 

9. In a pair of pincers the jaws meet at i) inches from the pin fcrming 
the joint. The handles are grasped with a force of 30 lbs. on each handle 
at a dit<tance of 7^ inches fnim the pin. Find the compressive force on 
an object held between the jaws, and also the pressure upon the pin. 
Sketch the npparatnsand show tbe direction and values of all the forces, 

-Mm. igolbB;2iolbs. 
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LECTURE T. 

Contests.— The Principle of Work— Work put in, Work lost, Usefpl 
Work — Efficiency of a Maehine— Principle of Work applied to the 
Lever— Erperimenta I. II.— Wheel and Axle^The Principle of 
Moments applied to the Wheel and Axle— The Principle of Wort 
applied to the Wheel and Axle— Experiment III.— The Winch Barrel 
' — Example I. — Ship's Capstan — The Kusee — Qneations. 

The Principle of Work.* — The principle of work is applicable 

to all machines, and nwy be stated as follows : — 

7%e work put into a machine is egucU to the work abaorbed by 
the machine plv3 t/ie work given out hy the machine. 

Or, Work put ik = Lost woek + Useful work. 

This is an anAom. But, nevertheless, many deluded would-be 
inventors have spent much time and money in devising "perpetual 
motion " appliances, or machinea which should turn out as much 
work as, or even more than, was put into them ! 

I. When a machine is employed to perform mechanical work, 
a certain force must be applied to one part of it in order to move 
the machine and to perform work at another part. 

The product of this applied force and the distance through 
which it acts constitute Me whole work put into the machine. 

3. Some of this work wt«*( be expended in mei'ely keeping' the 
different parts in motion, againirt^ natural resistances due to fric- 
tion at the fulcra or joumala, and friction between moving parts 
and the air or water in the case of an hydraulic apparatus. The 
work so absorbed is termed lost work. 

The mean value of the frictional resistances, multiplied by the 
mean distance through which they are overcome, constitute the 
v>ork lost hi the mechanism. One great object to be kept in view, 
in designing most machines, is to minimise this lost work by 
minimising the internal resistances to motion in the machine 

The iVineijife of Worh is uanallj stated as follows in books on Mecha- 

iOB, but I find that engineering stadentBiiiucA prefer the oSotie definition. 

H a sjatem of bodies be at rest under the action of any forces, and be 

-'red a very little, no work will be flone." " CouteTMly ■, \l 110 -wotV. Ib 

"faring this small movement, the loicea arc \ti ei\nWAiiium;' — ¥x(' 

''* "Manual of Mechanics," p. 73. 
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itaelf ; but you must remember that these can s«w be entirtly dit- 
posed of, as has only too often been coDJectured by " pefpetual 
motion " faddists. 

3. The remainder goes to do the useful trvrk for which the 
machine was designed, and therefore — 

4. TkeeMcieneyofamtKhi7U= ■ ^^ . 

the work put in. 

To impress these facts on the mind of the student we present 
them in the following condensed form :— 

I. Work put in = force applied x tAc diHanee it act*. 
z. Work lost —/oree t^isoried in overooming internal rtlisiaiiees 
y. the diHarux it aett. 

3. Useful work =foTct given otU * the distance it acts. 

4. Efficiency = T^tio of icork got out to inork ptU in. 

5 . Work put in = lost Kork + useful u-ork. 

Principle of Work applied to the Iierer. — In applying the 
above " principle of work " to the lever, we will take the liberty 
glecting the 



work. We sliall therefore 
assume thnt the friction 
at the fulcrum is so small 
that it may be neglected 
for the purpose we have 

Experiment I, — Let 
AjF be a straight lever 
without weight, having 
its fulcrum at F, a force, 
W, acting vertically down- 
wMNia from the point B,, ^■^•'^a. 

and a force, P, acting vertically upwards at the end A[, keeping 
W in equiKbrium. Now imagine the lever elevated to the posi- 
tion A,F. 

^^%fl work put iw at Aj = P x the vertical distance from A, to A,, 
^■n« work got out at Bj = W K the vertical distance from B, to B,. 
^B&erefore, since we neglect all frictional resistances — 
^H The work put in = the work yoi out 

^Br, P X A,A, - W X B,B, 

^P'' W A,A, 
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Bnt by Euclid the tt-inngles A.FA, and B^¥B, sito, mxiuW v 
vspect. 
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Thevefoie, 




B,B, B,F 

A, A, " a;f 


Hence, 




P B,F 

'^ - a;f 


Or, 


P 


xA.F = WxB.F 
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But this is tliB equation we proved in Lecture III. with respect 
to the lever as complying with the " principle of moments." 
Hence the "pn'Tsci^eq/'M'Oj'i" a.r\Ath&^^ ^>rinGvple of vwmenta " we 
in agreement. 

In the accompanying figure the force P has been shown as 
elevated through 12", and the force W as elevated through 6". 

Therefore, P x 12" = W x 6" ^ 



Or, 



W 



P being half the magnitude of "W, it has to he elevated fhrongh 
double the distance in oidei" that the same amount of work may 
be done in the same time, 

ExpEHiMENT II. — Consider the ca^e of a simple lever, where a 
weight, W, at B is balanced by another weight, P, at A, around 



a;) 
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Pbikciple op wobk aitljed to a Lever. 

a fulcrum at F, without friction. Let the lever be turned t, 
90°, or a quarter of a revolution — i.e., from a horizontal position, 
AB, to a vertical position, A'B'. 
Tfien hy the definition oficork— 

Tie work put in fit A=T xA:¥,wni, Jfl 

The work got out at B=VJ xB'^- V 



vn wHm, MSB «TTK- 



^^ It does not nuttter in the digfatot d^ree bow d rc ui toi M tltB 
' paths P and W take in passing &on their w^ibaI to their new 
positions in this case, ^nce all we raqoiie to know is the nrtk*! 
distances through which F is deptened and W derated. 

Consequently, by the " Prinetpte of Wort," 

P X A'F = W X BF , 

But, A'F = AF.andKF = BF. 

.. Substituting AF for A'F, and BF for B'F, 
We get, P X AF = W k BP 

But this is the equation for the "principle ofmonteHU," which 
we have again deduced from the " pritteipU o/ icork" by another 
and simpler form of reasoning. We find that this latter method 
appeals more directly to the minds of young engineering students 
than the proofs usually found in books on Mechanics. 

The Wheel and Axle.^The wheel and asle has been used for 
centuries for drawing water by a bucket from a well. It is used 
by the nav\-y for lifting the 
material which he excavates 
from the earth, by the masou 
for raising stones, bricks and 
moiliir, and by many other 
tradesmen for a variety of 
purposes ; as well as by the 
quartermaster as a steering- 
gear, and the able seaman as 
a capstan. The accompanying 
illustration shows the form it 
takes when used for elevating 
goods in a store or mill.* It 
is simply a practical aiTange- 
inent for continuing the action 
of the lever aa long as re- 
quired. So long as a sufficient wheel and Axle, 
pull is applied to the rope, 

which fits into the grooved wheel, to ovei-eome the resistance of 
the load attached to the chain hook, the weight will be raised. 
The wheel and axle is therefore a form of lever by which a weight 
may be raised through any desired height. 

The Principle of Moments applied to the Wheel and 
Axle.— In the diagram let the larger circle represent tbe Gir«u,u.v.- 
fereuce of a wheel of radius, R, to the peri^ibet^ o'i siV\vlo. %, V^^- 
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P, is applied. Let tlie smftller circle represent the cii-eumference 
of the axle or barrel of radius, r, to the periphery of which is 
applied a resistance W. Let the forces P 
and W act in the same direction and verti- 
cally downwards. Join the points where the 
lines of action of the forces are tangents to 
the wheel and asle by a straight line, AB. 
Then, AB passes through the common centre 
of the circles— i.e., through their common 
centre of motion or fulcruia F, and AF is 
the effective ai-m for the force P, whilst BF 
is the effective arm for the force W. In 
fact, AFB is a straight lever in equilibrium, 
with the fulcrum at F. 
Therefore, taking momenta ahout F, we have — 




Wheel 



Or, 



AF 
R 



BP 



Ths Principle of Work applied to the Wheel and Axle. 

Experiment III, — T.tke a model of the wheel and axle as illu.«- 
trated by the accompanying figure. Let forces, P and W, act in 
equihbrium, as in the previous case, at nirtii R and r resjiectively. 



it Mo DEI 

W Now mark I 
'tions wl 




Now mark airefaUy with IK piece of co\o«reA tWW atTO;«.ftvttissaris 
'tioDs wboro the tape supporting P ia a. tan^eiA I'i Voa -w\«»&. 



THB WINCH BABBKL. 
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Rd where the cord supporting W ia a tungent to the barrel. Pull 
nntil the wheel and ban'el have just made one complete i-evolu- 
i.ion. Then, neglecting aoy force required to overcome friction at 
the bearings of the apindle — 

The work put in by P = P x zmE 
The work got <mt in raising W = W x 2nr 

But Iht work pUfl in = the work got out 
.'. P >! s^n = W X j,rr 
Cancelling 2jr from each side of the equation — 
We have P >£ R = W x r. 

But this is the same equation as we obtained above by applying 
the " priiiciplt of jiiomente." Therefore, we see that the "prin- 
ciple of momenti" and the "principle of work" harmonise. 

The Wiiioh Barrel. — The wheel may be replaced by a handle 
H, and the mere axle by a barrel or drum D, of any desired si/*. 




Si OK View. 
WisGH Barbel 

Example I, — A man exerts a constant force of 30 lbs, on a 
winch handle of 15" radius ; what weight will he be able to lift 
attached to a rope hanging from a barrel of 5" radius ? 

By the principles of moments nnd of work; and interpolating 



a numerical values — 



11 = W X 



W = 



305 



-=90 lbs. 



L Ship's Capstan, — A partly sectional partly outside view 

B useful machine is illustrated by the following figure : 
V A capstan is generally fixed upon the forecastle of ships, or ni 
'\ the side of a quay or dock, for the purposes of warding and 
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berthing the veBsets. The above illuatration ahowa a capstan's 
built into a forecastle, where the roimd turned footstep, F8, of 
the vertical cast-iron capstan pillar, CP, benrs in a cast-iron or 
caet-steel shoe fitted upon the steel or wrought beams of the main 
deck. The frame F, which supports the casing for the pull and 
ratchet gear, may be the beams of the upper or forecastle deck. 
A strong rope made fatst on shore is pas)^ed several times round 
the capstan barrel B, and the slack end of the rope is coiled on 
deck. The addition of the rope to the barrel increases the effective 
arm or radius r, at which the resistance of the ship acts by half 
the diameter of the rope. Eight or any desired less number of 
wooden spokes, S, S, having their innev ends si^uared and tapered, 
a/w Sxed into hollow square \io\eB vo. tVe fBsA-\\w\ tsi.'^xvBi 
Aasrf CH. Then, jnat as many RaiXova as -ma-j ^«l \wftvTCA. >«. 
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overcome the resistance of the ship apply themselves to the outer 
rounded ends of the Bpokes, and push away as hard as they can. 

It will be observed that, calling', p, the force applied by each 
sailor at radius R ; then, when we have two sailors acting on 
diametrically oppoKite spokes p, zR, p forms a couple tending to 
cauHe rotation of the capstan in one direction. Consequently, 
from the property of couples (as we showed in Lecture III.) this 
couple can only be balanced by another couple acting in the 
opposite direction and having an equal moment. Such another 
couple exists, when the resistance of the ship, W, acting with an 
aim, r (equal to the distance from centre of capstan to centre oE 
rope), balances the corresponding reaction at the centre of the 
capstan barrel. Hence, when the force applied by the two sailors 
is balanced by the resistance to motion of the ship, we have the 
one couple just balancing the other one. 

Or Couple p, 2R, p balancing couple W, r, W 

i.e., ;) X 2R - W X J- 

In the same way, with two, three, or four pairs of sailoi-s, each 
pair being supposed to act on diametrically opposite spokes, we 
have two, three, or four couples acting in one direction, balanced 
by one couple, viz., the resistance of the ship into the distance 
from the centre of the capstan bari'el and the reaction from that 
centre.* 

In the case of four sailors just being able to move the ship, two 
couples, p, 2R, p-i-p, 2'R, p, balance one couple, W, )■, W; 
t>., p>i2H,+px2'R = Wxr 

The Pusea. — As an ilhistration of the lever action and of 
work put into and got out of a machine, we cannot do better 
than finish this lecture by a description of the construction 
and action of the simple yet most ingenious contrivance termed 
the fusee. In good watdies and clocks, where the elastic force 
of a coiled spring is used to drive the works, the fusee is used 
for the purpose of compensating the gi-adually diminishing puU 
of the uncoiling spring. The driving of the works at a constant 
rate is the object for which a watch or clock is designed. This 
naturally entails a ctmalaiU resistance to be overcome, but since 
one of the most compact and convenient forms of mechanism into 

* Tbe BtndeDt Bhunld draw a plan of the cap^iCan barrel, and show radial 
linea to indicalfi one, two, or more pairs of dianjetrically opposite apoltes, 
with foruePiP, acting at their ends, all tending to \,\n\i. Vae 'oa.TiA vo. on* 
tliree/'eB. Ha will tlieii see tiiat a couple Eoini>jii\i^ TesU\»litteV>'CaaW.i™* 
on iberope, andan egiiaj reaction from the centre ol m.oVVwDiVsVXli'tie.'^*:^'''"^ 
toactia tbe other direction in order that equilibiiviQi ma.^ te.'s.'a -^isik.*- 
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which mechanical force wm be stored is that of a coiled spring, 
Hnd Kinuo the very nature of the spring is such that its force 
decreaeeu aa it uncoils, we must employ Bome fompenaating 
device between tliis variable driving force and the constant 
The fusee does this in a most accurate and complete 




I 

t 

i 



F reprcBenta Fusca. 
B „ Barrel. 

HW „ Batchct wheel. 

manner. Looking at the accompanying figures and index to part«, 
we see that the baiTel B, which contains the watch or clock 
Bpring, is of uniform diameter, and that between the outside of 
this bari'el and the fusee, or spirally grooved cone, there passes a 
cord or chain. When the winding key is applied to the winding 
square WS, and turned in the proper direction, a tension is 
applied to the coi'd, and it is wound upon the spiral cone, thus 
coiling up the spring inside the bairel B ; for the outer end of 
this spring is fixed to the periphery of the barrel, and the inner 
to its spindle or axle, which is in direct gear with the works 
of the watch or clock. When the spring is fully wound up it 
has the greatest foi-ce, but it acts with the least advantage, since 
then the cord is on the smallest groove of the cone pulley. When 
the spring is almost uncoiled it acts with the greatest advantage, 
for then the cord is on the longest groove of the cone. Conse- 
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quently the radii of the grooves of this cone are made to increase 
in proportion as the force applied to the cord decreases, so that 
(P X R) shall be a constant moment applied to overcome the 
constant moment (W x r) or the resistance of the works into the 
radius of the barrel £. 

The work put in when winding up the coiled spring, is given up 
by it in overcoming the frictional resistances of the different parts 
of the mechanism. 

Or the work put in = lost work, for the whole of the work put 
in, is devoted to simply keeping the parts of the machine in 
motion, leaving nothing for other work, unless the clock is used to 
strike a bell or do some other kind of work. 
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Leotubb v. —Quest long. I 

I. Stats the " PriDOiple ot Work," and explain the manner in which it \ 
is applied in determining the relation of a P to W in the lever. A lever, 
centred at one end, is 15 feet long, and a weight of W Iba. hangs from the 
opposite end. The weight W is supported by an npwacd preasure of 
28,270 Iba. at 13 teet from the fulcmm. Find W. Ana. 24,5006 lbs, 

2. Define work put in, lust in, and got out of a mauhine, and prove that 
the work pnt in = lo3t work plus the usefal work. How is the " advan- 
tage " and the etficiency of a machine reckoned ? 

3. Sketch and describe the wheel and axle. Applj both the "principle 
of moments " and the " principle of work " to find the relation between 
the force applied and the weight Tdised by aid of this macbine. A wheel 
and axle is required bo that the force applied at the circumference of the 
wheel in moving tbiongh a distance of lo feet shall raise a weight of 
4 cwts. throagh a height of zieet. If the diameter of thea^eis to inches, 
find the force applied in lbs., and the radius of the wheel in feet. Am. 
S^6 lbs. ; 2 feet 1 inch. 

4. The crank or handle which turns a windlaj5s is 14 incbes in length ; 
what must be the diameter of the axle when a man exerting a force of 
60 lbs. upon the handle raises s. tub of coals weighing 2 cwt. 1 Am, 
7 J inches. 

5. In a windlass the barrel is 8 inches diameter, the rope is ij inches 
diameter, and the crank handle 15^ inches long. What force must be 
applied at the handle to raise 2 cwt. ? Also, what weight would be raised 
by a constant force of 30 lbs, applied at the handle 1 Am. 66-8 lbs. j 
1005 lbs. 

6. A capstan is worked b; four men ; each man exerts a constant foioe 
of 30 ib?. at a distance of 4 feet fram the axis. A cope ot i-incb diameter ' 
is wound round the drum, of 5J inches radius. Find the pull on the rope , 
which balances the pressure on handles. Make a diagram showing the 
action of the forces, and find the pressure on tbc central shaft of the cap 
atan. Ana. 9216 lbs, ; 921.6 lbs, 

7. Describe, with a sketch, the spring-barrel and fusee of a clock or of a 
watch. Explain its action bj reference to the prinuipla of a 
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LEOTUfiE VI. 

OoHTBNTS. — Pulleys— Snatch Block— Bloob and Tackle —Theoretical Ad- 
vantice— Velocity Ratio— The PriDciple of Work applied to tbe Block 



Pulleys. — Suppose you had to elevate a sack of flour from the 
givjurnl to an upper etorey of a mill or store, you might place it 
upon your back and carry it up the stairs. In doing so, you 
would expend so many foot-pounds of work. Let the sack of 
flour be I oo lbs., your own weight 150 lbs., and the height to 
which it ia raieed be 30 feet. Then, the 
Work done in elevating the flour = loo lbs. x 30' = 3000 ft.-llw. 
„ „ yourself =150 „ x 30' = 4500 „ 



Total work d 



25° - 



>c 30 = 750c 



And your efficieni;y as a machine would be found thui 
Meohacical el 



useful work , work pot out 3000 ff.-lbs._ 
total work ' ' work put in 7500 ft.-lbs. 
Or, your percentage efliciency would be found from the propor- 



^OD 



3000 
75°' 



= 40 % 



Tn other words, 60 per cent, of the total work done ia lost work, 
and only 40 pel' cent, is useful work. 

If instead of carrying the sack upstairs, you found ready to 
hand a long rope (with its two ends close to the ground) tliat had 
been passed over a smooth ii-on hook fixed to the outside wall 
above an outride landing for the particular storey of the building, 
and, if you attached one end of this rope to the sack and found 
that by pulling with all your strength {or say with a. force of 
150 lbs,, i.e., equal to your weight) on the other ead, "joa. Wi\i4. 
just lift the sack. Tien, if by this means 50a eVevaXifti^^' 
to tbe landing, you would have expended \e&a wovt ti&a.-w.\i-3 "i 
former method ; foi; 



"Work done in elevating floui- = loo 

„ agiiinst friction, 4c. = 50 

Total work done = 150 



x3o'=3oooft.4bB. 
>c 30' -j^ „ 
X 30' = 4500 „ 




nselul work , work got out _ 3000 _ 
total work ' ' work pat in 4500^ 
itage efficiency is therefore 66-6. 

For, 4500 : 3000 :: 100 : 1 



450' 



% 



■ ^ of tbe total 



Hence 33-3 per cent., 
work put in by you in pijiiug at 
aide of the rope, is spent in overeoming 
the friction between the lupe and the 
hook and bending the rope over the hook, 
whilst only 66'6 per t-ent., or |, remain 
for elevating the satik of flour. 

If, instead of the iron hook you had 

found a double -flanged deep V-grooved 

pulley with a rope over it, aa in the ac- 

companyiug illustration, and that this 

I) Weiohtb. pulley revolved so easily on its bearings 

that you had only to pull with a constant 

foi-ce of 1 10 lbs. in oi'der to lift the sack of flour fi-om the gi-ound 

up to the 3o-feet level, then — 

"Work done in elevoting fiour = 

„ against friction, &c. - 

Total woi'k done = 



Pulley 



.*, Mechanical efficiency =-^—-; ^ ; or 

total work ' ' 

And the percentage efficiency is 90-9 

For 3300 : 3000 :: i 

_ 3000 X I Of 



'■ ^ 3°' = 3°°° f tr.-llMU^H 

X30'- 300^ „ ^H 

^3o' = 33£0 „ ^M 
k got oat_ 3000 _ .pMi^^^l 
rk put in " 3300 ~ '1^1 

60'9 % 1^1 



y 



330° 

Hence only 9-1 per cent, of the total work put in is lost work 
overcoming friction at the pulley bearing and in bending the 
Tope over the pulley. 

( Bee, tierefore, what ix nsetvil mB,c\\me a. ^uUby is, not only 
■blingyou to change the direttioiv oi '^ W■t.<:,\l^A•,i^i«J\'s 
saving of Jabour. 



SNATCH BLOCK. 



Jll 



.-1 pulley is simply a vj/tetl avd axle whet'eiu their r\ 
aitd the same, or a lever with equal arms. Hence the principles of 
moments und of work miiy be applied to it in the same way af 
we applied them to the lever and to tho wheel and axle. 

Snatch Block. — If you should require to put the bend of a 
rope on a pulley, and at the same time prevent the possibility of 
the rope coming out of the groove, without having to reeve the 
end of the I'ope between its cheeks, you would use whati'i called a 
Buatch block. One form of suatcb block in illus 
trated by tho accompanying figure, wheie on the 
side of one cheek there is a sneck oi snitch, 
which is turned to one Bide, to enable the bend of 
the rope to be placed around the U gioove of the 
pulley. The snatch then falls down and closes 
upon the central pin. Another foim has a 
hinged snatch which can be lifted up at iight 
angles to the face of the cheek, and after tho , 
rope has been put on the pulley the snatch i 
closed down and locked by a pin altxched to i 
short chain fised to tho side of the cheek, just 
like an ordinary front hinge for closing a chest 
The single movable pulley, which is used for sup 
poi-ting the load to be lifted by a Chinese wind 
lass or by a jib crane, is sometiines called a 
snatch block (see the illustration of the wheel and 
compound axle in thin Lecture, and of jib ciiues in Lectuiea 
"V TTI , and XIII.). In the latter case the chain passes from 
the barrel of the crane over the puUej at the point of thejib, then 
vertically down, underneath the snatch block pulley, and vei ticaily 
upwards to a point on the under side ot the jib where it is hxed 
by an eye-shackle with a bolt and nut If tlie load, including the 
weight of the snatch-block, be W, then, neglecting friction the 

pull P on the chain will be — ; for W is auppui-ted bj two ver- 
tical or parallel paiia of the chain, each part caiTying half the 
load, or W — aP. If the load be elevated any distance L, then 
the chain will have to be pulled in on the barrel a distance of 2L, 
for by the piinciple of woi'k 

The pall X its dislctnce = the load x its dislance. 




Or, 



: W 



The theoretical advantage is therefore 2 to \, on a Kfet\wiii.Vwts» ^ 
would hft double the weight, neglecting irittt.\D"tt. 
Block Bad Taokle. — Piiasing over the ^■at■lo^ia 'iirtM 
of pulleys for lifting weights which are tre*i\^ ul ' 
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mechanics, we come to this well-kiiown and useful coutrivauce. 
H will be Heen Srom the itccompiuiyiu(; uketch, it cousiiita of a 
number of pulleys (or slieiveM ms they are technically termed) free 
to I'lui round on a turned centrul 
iron or Kteet spindle, and inserted 
in a, block, having their iron divi- 
bIodh between ench puUey,iuid strong 
iron cheeks fixed to a swivel joint 
teruiinatiug in ou ii'on hook hung 
from an eye bolt. Thi-ee ahenveB 
iLre tihuwu in tbiu blo<;k, but the 
uumbei' may ninge from one up- 
wards, according to tbe Hize anil 
work to be done. There is a eimi- 
Larly constructed block with two 
sbeuveu, from which the weight to 
1)6 rHised, or tbe body to be pulled, 
ia attached, and thia in called the 
movable block, wheieas the upper 
or liome one in termed the fixed 
Lilotik. Around the pulleys of both 
bloukw tliei'e ia reeved a rope- with 
the inner end made fast to an eye 
ou tbe movable block, wliilnt the 
fi-ee end hangs from one of the 
outside Bheaves; but this arniDge- 
tuent iH frequently reversed, for the 
inner end of the rope may be at- 
tached to an eye ou the fixed block, 
and the free end may spiing from 
the other oue (t%e the figiu^ in con- 
nection with Example I. of this 
Lecture). The free end of the rope 
is then ready to be pulled by the 
bands or by aid of a wineti. 

Now, neglecting friction, and 
supposing the rope to be perfectly flexible, a, force, P, applied to 
tbe fwe end of the i-ope would be transmitted throughout it to 
tbe other end at the movable block. Hence the effect of this 
force in overcoming a resistance, W, ia mtilttplied bt/ the number, 
n, of parts of t/te rope w/tick tpriwjfroin, the mavable block. 

Or, W = Ml 




13L0CK 



And (i) The theoretical advanlaye 



W 



J 
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(2) The vtheity ratio, or ratio oftkt rfiManet Utrou^ itArA 

Kicts, to that tlirongh whidi W i* owtooim* t'li tAe tame lime. 
Telooity r.Ho = J^J^tS?? . » 
>\ s distance i 
In the figure there are shown three pulleys in the upper block 
and two in the lower, with five parts of rope springing fi-om the 
Intter ; therefore in this case n — 5. 
Here W = nP = 5P; or, P = ^ - ^ 

since P must pass throngh five times the distance that W does 

in the same time. 

m, , ., . . P'a distance n 5 

ihe velocity ratao = ,-^;;- — ^, = _ = _ 

W s distance 1 1 

So that the theoretical advantage and the velocity ratio have the 
same numerital value. 

The Frinciple of Work applied to the Block and Tackle. 
— Using the very kind of block and tackle represented by the 
previous figure, attath a light Salter's spring bal.ance by its hook 
to the rope where the Iwnd is shown. Fix such a weight to the 
lower block that the weight of rope between the blocks, the 
movable block, and the load are 60 lbs. Call this W. Now 
pull the ring of the spring balance until the load rises slowly and 
uniformly, and note the reading on the balance ; let it be 18 lbs , 
and let the weight of this balance and the hanging fi-ee end of 
the rope, which is assisting the arm, bo 2 lbs. Cull this total 
^Dull of zo lbs. P ; then : 

^Hpft W up through one foot exactly, and mensure the length of 
^^rftpe which you have pulled out from the upper block, and you 
will find that it is live feet ; hence,* 

(4) The work put in = P x n= zo lbs. x 5 ft. = 100 ft.-lbs. 

t(g) The work yot out =W x i =60 Iba. x i ft. = 60 ft.-lbs. 
/i\ 111 JE • Work got out 60 lbs, „ 

Work put in 100 Ib^. 
(7) The percentage efficiency = 6 x 100 = 60 % 
In the same way the efficiency of any other block and tackle 
ly be found, and the student should carry out a series of 
• The above resuJfs H-ere oiifaincd by \he fiuVtoi Itqmi a.>a\ijtV 1 
tackle of the same kind 03 that fhown by ihe pievloua ?i^xe, ».V a. &fti 
Btralion ia Ilia Janior Applied Mechanics class. 
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experimeDts in a laboratory or workshop so as to iiupresa the 
various measurements and the results on his memoiy. He will 
find that if the efficiency is over 50 per cent. 11 comparatively 
small load will run down and ovei-haul the free end of the rope, 
3 restraining force applied to it, or be fixed to 
some rigid body. It is for this reason that 
sailors, who work very much with ordinary 
block and tackle, always " belay " the free 
end of the ropa when they have adjusted 
their wiiia or have heaved up a body to 
the required height. 

Example I.^A tackle, consisting of aa 
ordinary double and treble block, is em- 
ployed for lifting a weight of 600 lbs. 
attached to the double block, "What 
force is required, neglecting friction f 
Tf the tackle is reversed, so that the 
weight is attached to the treble block, 
the free end of the rope being pulled 
upwards, what force would now be i*- 
quired to lift the weight ? (S. and A. 
Exam. 1892.) 

Answer. — First Case. — By an inspec- 
tion of the previous figui-e ia this Lecture, 
it will be apparent that the weight W is supported iyyjire paits 
of the rope, t 




W _ W 



600 



= 120 Iba. 



'Second Case. — Here the system is inverted, so that the block 
with the three pulleys is lowermost, as shown by the accompany- 
ing figure. In this case it is evident that there are bix parts o{b 
the rope supporting W, or n = 6. 

. „ WW 600 



: 1.00 lbs. 
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LBCTUBB VI.— QII113TI0SS. 

r. SappoBB that your weight is lo etone lo lbs., and that you lift a 
we^ht of J cwt. on yoar shonlder, and walk npstaira with it to a height of 
20 ft. ; what wort have yon expended, and what will be your efliciency an 
a machine 7 Ans. 4120 ft.-lbs. ; 27 per cent, 

z. Snppose that you had a, rope passed round a beam oE wood, and that 
yon attached 4 cwt. to one end and pulled with a force of 84 lbs. on the 
other end and then elevated it 10 It.: (a) what wort have you put in !' 
{h) what is the percentage efficiency of the arrangemeat I (c) what is the 
percentage of lost worlt ! Ana. (a) 840 ft. -lbs. ; (6) 66-6; 33i. 

3. Snp;-33e that a weight of 4 owt. Is attached to one end of a rope passed 
round a pulley, and that you lift it 10 ft. by pulling on the other end of 
the rope with a force of 70 lbs. : what percentage of the work done is lost 
in overcoming the friction at the pulley I Ann. 20 per cent. 

4. What will be the difference, and why, in the tension on the chain of 
a crane when a match^ihdi is used, and when the weight ia lifted directly ? 
Sketch a snatch-block, and describe its construction and action. 

5. In a rope and pulloy lifting block with three sheaves in tlie upper 
block, and two sheaves in the lower block, find the theoretical advantage 
g;ained. Give the reason for your answer, and sketch the arracgement, 
showing where the rope is to be attached. Ana. W ; P ; : 5 : 1. 

6. Sketch an arrangement of J eqaal pulley sheaves for lifting a weight 
of I ton. What force is exerted on the rope in jour arrangement ? Ex- 
plain the mode of arrinng at this numerical result by the principle of 
work. (3. and A. Exam. 1891.) Ann. With 3 pulleys in upper block and 
z in lower block, P — 44S lbs. 

7. A tackle is formed of two blocks, each weighing ij lbs., the lower 
one being a single movable pulley, and the upper or lixed block having two 
sheaves ; the parts of the cord are vertical, and the standing end is fixed 
to the movable block ; what pull on the cord will support 200 lbs. hung 
from the movable block, and what will then be the pressure on the point 
of support of the upper block] Giveaskebch. Ans. 71-6 lbs. ; 301-6 lbs. 

8. A weight of 400 lbs. is being raued by a pair of pulley blooka, eaoh 
having two sheaves. The standing part of the rope is fixed to the upper 
block, and the parts of the rope, whose weight may be disregarded, are 
considered to be vertical. Each block weighs 10 lbs. ; what is the pres- 
sure at the point from which the upper block hangs 1 Ans. 522*5. 

9. A tackle, consisting of an ordinarj double and treble blook, is em- 
ployed for lifting a weight of [000 Ibs.attached tothe double block. What 
force ia required, neglecting friction i If the tackle is reversed, so that 
the weight is attached to the treble block, the free end of the rope being 
pulled upwards, what force would now be required to lift the weight I 
Sketch the two arrangements. Ans. 200 lbs. i i66'6 lbs. 

10. Apply the ■' principle of work ■' to find the relation between the force 
applied and the weight raised by an ordinary set of block and tackle. 
State what is meant by the following terms ;— ( 1) velocity-ratio ; (2) theo- 
retical mechanical advantage ; (3) actual or working advantage ; (4] work 
put in ; (5) work got out ; (6) efficiency of an apparatus or machine ; 
(7) percentage efficiency. 

11. With an ordinary block and tackle having 3 pulleys in upper bloek 
and 2 in lower block — i.e., 5 ropes attached to lower block — it is laund.tha,t, 
a pull of 50 lbs. is regnired lo raise a weight oi 165, \\ib- 'Staft— VA ■^'c'mi- 
reU'cal oivaatagB and velocity ra.tio- ^ : 1 ; Iz) &.ctvia.\a!ivMi.twf,e=TiT)- ' " 
'3) EmcieDcyofappara tus = ■ 66 ; (4) Percentage efficiencj ol a.-?^-»Wi.!.= 
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LECTURE VII. 

Contents.— The Wheel anil CompouDd Asle, or Chinese Windlass— Ths 
PriEciple of Momeots applied to the Wheel and Compound Asle — The 
Principle of Work applied to the Wheel and Compound Axie — Ex- 
amples I. ir.— Weston's Differential Pulley Block— The Principle ot 
Work applied to Weston's Differential Pulley Block— Experimcait I.— 
Canse of the Load not overhanlbg the Chain — Qncstions. 

The Wheel and Campound Axle, or Chinese Windlass. 
— Tliifi ingenious contrivance wrs first devised by the Cbineiie 
for the purpoBe of lifting weights. The theoretical mechanical 
advantage is very great, but it possesses the disadvantage of re- 
quiring a lopg length of rope to lift the weight a small Iieight. 

Its construction and action -will be easily understood from the 
accompanying side and end views, which are taken fiom a model 



k 




iBW. End Vikw 

Tna IVhkkl anu Compound kx.vE. 
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made in the author's engineering workshop for the purjioae i 
d<^nioDKti'3ittDg its Mction and efficiency to bis students. 

The Principle of Moments applied to the Wheel and 
Compound Axle. — Taking momenta about the axlcj we have, 
when there is equilibrium between P and W, 



b 



PxR + 



V >''& = — {r,~r,) 



The Principle of "Work applied to the Wheel and Ckim- 
pound Axle. — Neglecting frictioa,and snpposiiig the rope to be 
perfectly flexible, cause the wheel to make c 
tion in the direction shown by the arrow nei 
on the end view. 

Then, hy the principle of work, 

tTho work put in - the work got out, 
Or, P X its distance = W s: ita distance ; • 
i.e., P X circumference = W s< ^ of the difference of the c 
Or 



ro. 

UDividing both si 



:e of the equation by 2w] 



.:¥■ 



W(r,-r,) 



K 



Which is the same result as the one above ; consequently the 
principle of moments and the principle of work agree. 

Example I. — In a compound wheel and axle, where the weight 
hangs on a single movable pulley, the diameters of the two por- 
tions of the axle are 3 and 2 inches respectively, and the lever 
handle which rotates the axle is 1 2 inches in length. If a force 

^^r • If _ U raised the oircnmference of the larger circle on odb side, 
Li* fiien — is lowered at the same time on the otbei aidLe, \hK <^^\acL\«t«a!:A 
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Answer. — Here P = 

By the prindplea ofm 

pxE=-(>-,-i-,) 

.•.W = ioxi2x4- 



l = W 



wei^^H 



ExAUPLE II. — In a compound wheel and aslfi, let the diameter 
of the largG axle be 6 inches, and that of thn smaller as!e 4 inchefl, 
and the length of the handle 20 inches; find the ratio of t' 
velocity of the handle to that of the weight raised. 

Answbb. — HereIl=2o"; r^~^"; r, = 2". 

By the prindqile of mammits and work — 



PxR 



W, 



■ ■ W R 

P M3-^) __i 
W~ 20 40 

But by the principle of work — - 

P X its distance = W x its distance 
I K P'a distance = 40 x Ws distance 
.". The velocity ratio, 

P's distance _ 40 
W'a distance 1 



Or, 



Weston's Differential Pulley Block. — This practical apjj 
cation of the Ohiiiese windlass is simply a compound axle withot 
the wheel. Or, where R = r. 

Hence, 



P><R = ^(R^r) 



where R is the radius of the larger axle or pulley, and r tb^fl 
radius of the smaller one. After describing Weston's differential 
pulley block, we will deduce this formula from the " principle of 
fc work " by the same kind of reasoning aa we adopted in the ease 
I of the wheel and compound axle. We leave the student, however, 
wo &pply the "principle of monnents," wXieteV)^ \\ft s^vciaVi ^t the 
m^i resuJts. 



weston's differential pulley nr/)CK. 
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As will be gathered from an inspection of the accompanying out- 
aide view and the small difigram showing the directions of the forct 
and their arms, it will be seen that the 
apparatus consists of three parts — (i) 
an upp>er block ; (3) an endless cliajii ; 
(3) a movable lower block or enatch- 
block. The upper block hiis n, hook 
with swivel Joint, fi-om which the ii-on 
fi-ame ia suepended. In the centre of 



turned steel axle 1 



this frame 
which rotates a 
couple of pul- 
leys east in one 
piece, and there- 
fore rigidly con- 
nected together. 
The one pulley 
is slightly lai'gei' 
than the other, 
and both pulleys 
have V-grooved 
peripheries with 
side ridges or 
teeth cast on 
the inner sideH 
of the grooves, 
so as to fit the 
pit«hof thelinksi 
of the chain, 
which passes 
over them and 

thei-eby prevent it slipping over the 
surface of the pulleys. The lower oi' 
movable pulley ia simply an ordinary 
smooth V-grooved pulley with swivel 
and hook like that already described 
under the heading " Snatch Block." 
The endless chain is an ordinary open- 
linked cbiiin of uniform pitch and size of link. It passes from 
the potation where the hand or pull, F, is applied, over the larger 
pulley of the upper block, underneath the lower pulley, over the 
Emaller of the uppei' block pulleys, and back to the starting-point. 
(See also the smaU figure.) Whenapull, P, vb a"5i\AVe4 »*■ \Ki». ■^'^ 
of the ebaja ((/ there were 110 friclWf^, it would 'V>e\,Ta.i\sai\\X«,?i.wfla 
undimiimbed value tbrougbvat its whole lengtVi ■wtevc vW^jeftS^O"^ 




Skeleton Figube oi' 

WBSTOB'S D1PPB31.ENT1AL 

PULLEV Block. 



Wkston's DifebhektiAl 

PuLLEv Block. 
(By Holt & Willett,) 
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LECTURE Vn, 

1 act ; but, as we shnll see afterwards, a large projMjrtioii of tliia 
force is absorbed in overcoming friction. The stress due to the 

i W is divided equally between the two vertical pai-ts of the 
chain connected to the lower block, and if W is moved through any 
distimco, the stress — must act through double that distance. 

The Principle ofWorli applied to Weston's Differential 
Pulley Block and Tackle. — Theoi-etically (i.e., leaving friction 
out of account, the weight of the hanging part of the chain anii 
the weight of the loivei' block), we have by the principle of work, 
in one revolution of the upper pulleys — 
P X its distance = W x its distance. 
P X circumference oE\ _ Wf x difference of the circnmferences ofl 
the larger pulleyj ~ 2 \ the larger and smaller pulleys. J 

PxZn-R =— (27rK-27Tr) 

IDividing each side of the equation by zr) 
PxE =^(R-r) 
. W (B-r) . 

■ ~7^^ 

(t) The Theoretical Mechanical Advantage or ratio of W to P 
is found directly from the above equation by simple transposition, 
• W_ zR 
■ ■ P R-r 
(z) The Velocity Ratio (or ratio of the distance passed through 
by P to the distance passed through by W in the same time) is 
also found in the same way. 

Fs distance ^ _ zwR ^ aR* 

W'a distance |(27rE. - zirr) R - r 
Or, the velocity ratio has the same numericftl value as the 
theoretical advantage. 

Experiment I.^With a Weston's differential pulley block, 
having in the upper block one pulley with an effective radius of 
4" (i.e., from the centre of the pulley to the centre of the chain 
which passes round it), and a smaller pulley with un effective 
radius of 3^", you can just lift a total load of 100 lbs, (including 
the dead weight, the lower block, and the hanging parts of the 
chain) by a pull of 20 lbs. on the chain. 
* dividing tiainer&tor tuid denominatoi \i3 t dQe*ii«*«i>Vi-'it \Wi'iwii:MaB, 



Wl!BTO«*S WJjrm BMXW AND TACKLE. 



^B lu Lhis cikse the t/teoreluxU advantaye and the velocity ratio are 

^Bfuh equal te — 

K 2E^ 3x4' _ ^ _ 18 

M ii-r-4"-Z'5'~-5~ I 

Or, the pull oQ the forward side of the chain muut act through 
16 ft. for every foot the load is raJKed. 

(3) The Actual or Working Advantage of the machine is, how- 
ever, only as— 

KW 100 lbs . S 
P °^ 20 lbs. ~ 1 
4.) The Work put hi in Ufting W i ft. is 

Px i6 = 2olba. K 16' = 320 ft.-lbs. 
{5) The Work [lot out is = W k 1 = 100 lbs. « 1' = 100 ft.-lba. 
,„ ^, „ Work eot out loo ft. Ibe. 

W"«**~»" - wo,kp„tin -3ir(os:--3"s- 

(7) I'he Percentage £!_fficienci/ is 

= .3125x100 = 31.25%. 

This is a very low efficiency for a maDhine, but it accounts for 
one of the useful properties of tlie Weston's differential pulley 
block — viz., that you can lift a weight by it, tben let go your 
hold of tbe chain, and the weight will remain hanging in the 
exact position you left it, without overhauling the chain in the 
slightest degree. It is therefore an exti-emely useful appliance 
in engineering workshops where, for example, a slide valve and 
its valve casing port face have to be scraped so as to fit each other. 
After rubbing the valve on the port face, you can lift the valve 
by aid of a Weston's block, and leave it hanging, without any 
fear of its overhauling the chain wbich supports it, until you have 
Bciaped off the high or hard parts from the port face, when you 
can lower it for another rub, Or, in the case of having to adjust 
the centres of a heavy job to be turned in a lathe, you can lift the 
job from the lathe by a Westou's block, and leave it hanging 
quite free at the most convenient height to be acted upon, until 
you are ready to lower it again into position. Of course, with 
such apparatus, although the theoretical advantage is great, the 
actual or working advantage is small ; yet this property of not 
overhauling is of such importance that appliances possessing it are 
constantly being used in every engineering workshop. 

Cause of the I.oad not Overhaulinfi tti6 G^'koi.,— \\i^% 
£rst plACB, the cbnin cannot slip round the ^uJie-js, o\ "One w^^t 
block, because the links of the cbtdti fi.i \n,\» W«> \i«'^dBft». a 
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LECTURE VIII.* 

Cos TBNTS.— Graphic Dem oast ration of Three Forces in EqailiLrium— 
Parallelogram of Forces — Triangle of Forces— Tiiree ErjUid Foruea in 
Kquilibrium — Two Forces acting at Right Angles — Resolution of a 
force into Two Components at Right Angles— Resaltant of Two Forces 
acting at any Angle on a. Faint — Resultant of an; number of Fnrcee 
acting at a Foint — Example 1.— Strasses in Jib Cranes — Examplas 
II. IIJ, — Stresses on a Simple Boof— Example IV.— Questions. 

In Lecture I. we explained and illustrated how a force may be 
represented by a straight line Ijoth in direction and magnitude, 
and we defined the terms coniponeata, equilibrant, I'esultaut, re- 
solution, and composition of forces. We will now discuss briefiy 
the case of three forces in equilibrium when acting towards or 
from a point, as well as the parallelogram and the triangle of 
forces with examples, before taking up the inclined plane and 
friction. 

Graphic Demonstration of Three Forces in Equilibrium. 
—Experiment I. — Take a black board which (for convenience of 
handling and demonstration before a class) may be of the form 
shown by the aeeompanying figure. Select two movable clamps, 
each fitted with a small V-grooved pulley about z inches in IO- 
meter, with a minimum of fiiction at their bearings, and tix them 
to the outside of the board aa indicated. Pass a very fine flexible 
cord over the pulleys, and attach to the ends of this cord S hooks. 
Hang from these hooks weights of say 34 oz. and 32 oz., and from 
the cord (anywhere between the pulleys) another cord with ati 
S hook and a weight of, say, 40 oz. After a few up-and-down 
oscillations these three weights will come to rest in the definite 
position shown by the figure, and if you disturb them from this 
ptffiition they will invariably return to it again. Consequently, 
you conclude that the three forces acting from their common 
point of attachment are in equilibrium, and that the force 40 oz. 
is the equilibrant of the two forces 24 oz. and 32 oz. 

This Lectare may requiro two meetings of a class when the students 

have bad no previous training in Theoretical Mechanics, In an; case, it 

win be well to upead at least one witb a teviaaV boai betoiQ the written 

examination, which shonld now taUe p\acc npon tVie wtiTU ¥,oc,e qnct 4ii«« 

")e begiaaiag of the session, prior to Ibe C^mstmas ■\\oVifi3.^B. -h 
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With a piece of finely pointed wliiLo rhalk, ihiiw lines (from the 
point where tbe three tm-ces act) on the black boaid parallel to the 
cords, and plot off from this point to any convenient scale (say by 
aid of a two-foot rule) distances along them to represent their 
respective magnitudes. Extend fi-om the same i»oint in an upward 
vertical direction another hne, and mark it off to represent 40 oa. 
2'At« iiW8 evidently correspondK, in point of application, direction, 
and magnitude, to the resultant of the components (24 oz. and 
3z.), for it is equal and opposite in direction to their equili- 




Gbapiiic Kepbeskktatiok of Fohces in EQurLiBRiuii. 



brant. From the exti'emity of this resultant draw lines joining 
the outer ends of the components (24 o;!. and 32 oz.), and you 
have a parallelogram whose adjacent sides from the point of 
application represent, both in direction and magnitude, the com- 
ponent forces, and whose diagonal represents, also both in direc- 
tion and magnitude, their I'esultant. 

If any other pair of convenient weights be selected and applied 
in the same way, you can find an equilibrant und resultant for 
tliem. From these experiments yuu conclude t^ia.\j o.^'&'q««!i 
cjph, termed the " paraHelogram of forces," \sVcueV\\i\w«iV 
recoui'ae to any special mathematical reoaomng. 
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Par aliolo gram of Poroes. — 1/ two farces, aclin</ siiniUMne^ 
oiistff towards or /mm a point, be itprtaenud in direction tend ' 
fnagnitv,de by the adjacent aides of a parallelogrant, then t/ie re- 
sultant of them forces KtU be repreeenteditt direction ajtdma4jnilu<U 
by the diayonal of the paraileloyram which passes through their j/ohtt 
efi)Uer»ection. 

For example, let any two forces, P and Q, act from tlie point 



at any convenient an| 




Biiy'eo", then', if OA and OB be 
plofcteJ to scale to represent these 
foi'ces in dii-ection and magnitude, 
the diagonal 01) of the parallelo- 
gmni OADB will repreaentin direc- 
tion and to the same scale their 
fe-Bultant R. But the resultant B 
is equal and opposite in direction 
to a force E, which would exactly 
lialiuice the effect of P and Q, or to 
n force represented in directionand 
in magnitude by the line DO. Piii'ther, since the side AD is equal 
and parallel to the side OB, it may he taken to re]>reHent Q in 
direction and magnitude, llence we have the three sides of the 
triangle OAD taken in the order OA, AD, .DO, representing in 
dii'ection and magnitude thre* forces, P, Q, E, in equilibrium, 
acting from the point O. Hence we have a general proposition 
termed the " triangle of forces," or a deduction fiom the " parat. 
lelogram of forces," 



Pakallblogram ok Forces. 




TlilASCLE OF FOECES. 

Triangle of Forces. — If tfiree forces acdmj towoHs or fr« 
I "vihi are in equilibriu'm, and a triangle he drawn mith tfs a 



TItlAKOLE OF FOECES. dj 

respeetivdi/ paridkl Ui l/iase forces tuk&i. iit. doe order, then t/ie 
forces v)iU be repre»ented to aade by ilte sides of the tritimjle. 

Conversely: — If three forces acliiig towardu or from a point 
are represented in direction and to garde by tJie sidss of a trianjle 
takm in due order, these Uiree forces O/re in equilibrium. 

For exH,mp]e, let the three forces F, Q and E tmt fruiu the 
point O, and be in equilibrium. Draw a triangle with its aidea, 
P, Q, E, respectively pivralleL to these forces ; then the sidea of 
this triangle, taken in that order, represent to the same scale theae 
forces. Or, if the triangle, whose sides are respectively P, Q and 
B, represeut in direction and to scale the three forces P, Q and 
E, as they act from a point 0, these forces are in equilibrium. 
We have shown by a dotted line the resultant R, and its direc- 
tion as opposed to E, by the same side of the triangle. 

It ia quite evident that if the forces P, Q and E acted 
towcirdu the point 0, instead of from it, the triangle P, Q, E 
would still repi-esent these forces in magnitude, but the direction 
of all the arrows would have to be pointed thti opposite way. 

Bpkoial Casbs.— Three Equal Forces in Equilibrimn.— It cuti 
easily bo proved by Lho apparatus usad f-or Experiment I,, or by cunstruc- 
tiun. that if yon have three ei^ual foicEa in eqaiUbriam thej must act at 
izo" from each other, and tbat tlio triangle represeating tlieir directions 
and magaitudeH will be aa equilateral triangle, or a triaugle whose angles 
are each equal to 60". 

Two Forces acting at night Angles.^lo tb» case It can be 
proved by the same apparatus, or by Euclid, Book I. Prop. 47, that any two 
" ' " '■ ■ ■ ■ ■ ... J. have a resultant B, or 



For . 

i 



= S,.nd5-=1 



Conversely, if any two forces in the proportion of 3 ti 
balanced by a third force proportionally of 5 units, the furccs 
be acting at right angles to each other. 



p^=n^-Q= 


And Q^ = R^-P= 


p- vH'-Q" 


.-. Q = VW-P" 


J = y-^i - 16 


Or, i, = V^-i-q 


9 - v0 


4=7W 
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BesolutloD of a Force into Two Componente at Biglit Angles 
to eacli other.* — Let It be tlie force lo be rceolved, P and Q the 
poneots, and let H make an angle:, U, with llio force Q. 



R . Cos = Q i for Cos e = ^ 



And . . . , E . Sin S = P ; for Sin fl = ^ 



I 



Heaultant of Two Forces acting at any Angle on a Folnt.^ 

Tlio proof of tliid pcnural cu^e miiBt be Jeft to Die Author's AdvanMd 
Treatise on Applied Mee)ianics, but the formula maj be giveo here, viz. : 

R" = F" + Q'J + 2P n Q Cos a 



B^ = pa + PJ + zV'-" Cos a - xF' + zP"- Cos a 
H^ = zP- (I + Cos o) = 4F' Cob'' ° 

'. R = aPCoa" (Since Cos o = a Coa=?-i) 



i 



Kesultant of any Number of Porceo Acting at a Point— Let 



P|, Pj, Pj, &c., be any u 



aber of forces uctiag at a point i then, t„ .__ 
parallelogram of forces Had a resultant, R,, 
for P, and P, ; and a resnltant, It, for R, and 
P, ; and bo on. The last resultant will be the 
resuU ant of all the forces. 

Sxample I. — Forces 3, S and 7 nnita act 
from a central point at eqnal angles- Find 
the resultant. 

Akbweb.— Let OA, OB and OC represent 
the forces in direction and magnitude. Then 
jou can follow out the above rule and find a 
resultant for, SHy, 3 and 5 — call this R, ; and 
finally find a resnltant for R, and 7. Bat it is 
obvious that jon may subtract 3 units from 
each of them without affecting the result, 
since the forces are acting- at eqnal angles 
from each other, 'fhis will destroy one of 
tliem, and Jeave OB, to represent 2 nnita, 
and OO, to represent 4 units. Then, by the 
parallelogram of forces jon find the resnltant 
B=3-S units. 

* The reverse ot this may bo applied lo the composition of two or more 
forces acting at a point in one plane, but we will leave the demonstration 
of such problems, ae well as that of the polygon of forces, to our Advanced 
" ' n Applied Meohanics. 
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Btresses in Jib Cranes. — As a prdtctical example of the Repli- 
cation of the " triangle of forcea," take the case of an ordinary 
hand-worked jib crane. The load is suspended fi'om the hook 
H of the snatch-block SB ; or, in the ease of a cjnue for lifting 
light loadaqui(jkly,toa simple hook with a swivel attached directly 



1 




Hand- 
In DBX 
P lepresents Central post. 



Jib CaANE. 
J represents Jib. 



Jib pnlley. 

Snatoh-block. 

Hook. 



d shackle of the chain C, as it comes down from the jib 
P, instead of the chain paiwing round a annteh-lilock 
id up to an eyebolt near the point of the iih. 



to the 
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( I ) The load produces n. tension on the chain C. 

(3) A thrust along the jib J, from the jih pulley to t 
eye-bolt connecting the shoe of the jib to the bottom of the 
fmniing F. 

(3) A tension in the tie-rods from the toji of the framing to 
theii' connection with the top of the jib. 

(4) This tension on the tie-rods produces a horizontal pull, 
(endins to bend and break the crane-post UP, where it leaves the 
upper foundation plate-bearing and joins the framing. Cranes 
for heavy lifts require a back balance weight to counteract thta 
force. (See the third figure in Lecture XIII.) 

(5) It also causes nn upward stress, tending to unship or lift 
up the crane-post from its beai"inga in the iippei' and lower founda- 
tion plates. 

The directiona and values of these stresses will he better under- 
stood by the student after considering a pai'ticular example. 

ExAMPLB II. — In a hand-worked jib crane of the form shown 

by the above iigni-e, the length of the jib is 30 feet, the lengths of 

the tie rods are 25 feet each, and the vertical distance between 

the attachments of the tie-rods and of the jib to the framing, i 

! feet. Find the stresses pi'oduced " .... 




I Emtmss tar sm ckIhis. ;r^ 

by a load of lo tons hung from the hook, neglecting all other 
sti-eGseM produced by the weight of the Eevei'iil pai'ts of the 
crane. 

AfiswER.— -First, draw a "frame diagi-am," oi' figure to scale, 
representing the diredtions and the lengths of centre lines of the 
various parts under stress. As shown by the frame diagram of 
the accompanying upper figure, AB representfi the la feet vertical 
distance between the foot ot the jib and inner ends of the tie-rods 
mai'ked post, BC represents the 30 feet jib, AC the 25 feet tie- 
roda, and CW the 10-ton had—eW to the same scale. 

Now, it is evident from an inspeetiou of this figure that the load 
W causes — 

(i) A vertical downward tension on the chain from C! to W. 

(2) A thrust or compression along the jib from C to B, wbic 
produces an equal and opposite reaction from the frnming at B 
along the jib from B to C. 

(3) A tension on the tie-rods from A to C. 

(4) This tension on the tie-rods may be reeoWed into a hori- 
zontal pull or stress from A towards the direction of W, tentling 
to bend or break the post about B. 

(5) Also, a vertical upward stress or pull in the post from B 
towards A. 

The student should mai'k the directions of these various atressw 
by arrow-heads on his frame diagrams. 

Second., draw a " stress diagram," viz., ah, vertical and to a t 
venient scale, to represent the downward force of the lo-ton load 
on the point C ; he, parallel to the reaction along the jib from B to 
C ; and ere, parallel to the tension in the tie-i'ods from to A. 

Then, by " the triangle of forces," since we have three forces 
acting from the point C (viz., load, reaction along jib, and tension 
in tie-rods) ine<[uiHhrium,andsuicewe have drawn a triangle with 
its sides respectively parallel to these forces taken in due order ; 
the foi'cea will be represented to one scale by the sides of this 
triangle. Consequently, ah represents the load to scale ; be ' 
reaction along the jib; and oa the tension in the tie-roda. N 
this tension on the tie-rods may be resolved into vertical and 
horizontal components by the method already deeerihed in this 
liecture ; therefore, a vertical line, ad, I'epresents the vertical 
component or upwaz'd pull on the jjosf, and dc the horizontal pull 
on the same, both in direction and to the same scale as ab repre- 
sents the load. By applying the scale to which ab has been 
di"awn tfl represent 10 tons (viz., -^^" to i ton^, 60 sbowa ■i=,tcs\>a', 
en, 30V tons (vrhich h'oiiM be I0'3S ions on ewi\\ NX^-tcA W *3«^^ 
were panUlel to encb other, hut more it mcAmel Itom. titvB '-jfe V**&- 
to the outside of the /raming) ; cd, 20 tons', svxii oA, flitewft. 




TBNaiON IS THl! TIE-KOD 
AMD THBU8T IS THE JlB 

OP A Ckane. 
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Example HI. — In a common crane the jib is 15 feet long, and 
the tie-rod 1 2 feet. The tie-iTHj ia attached to the cmne post at a 
point 5 feet aboTO the foot of tlie jib. If a weight of 6 tons be 
hung from the pohit of the jib, fiint the tension in the tie-rod iind 
the thrust in the jib, 

Akbwkb. — First draw the fi-ame diagram as explained in Ex- 
ample II,, marking the lengths of the parts by dotted lines and— 
an-ow-heada. (The student in his 
diagrams sliould also mark the direc- 
tions of the stresses.) 

Second, on the line of action of 
the weight W draw ca to scale to 
represent the direction and magni- 
tude of the weight, 6 tons, 'flien 
draw ch parallel to the jib, and ah 
IMimllel to the tie-rod. Tlie triangle, 
cab, represents by its sides to one 
scale the magnitudes of the forces 
—viz., 14,4 tons tension in the tie- 
rods and 18 tons thrust or reaction 
in the jib.* 

StreBSQB on a Simple Hoof. — 
EsAHPLE IV. — The weight of and on each principal of a simple 
triangular roof is 1 ton. Find the stresses on the points of sup- 
port and in the several members of the principal. 

Answer. — First, draw a frame diagram of the principal, where 
AB and AC represent the dii'ection and length of the rafters, 
and BC represents the tie-beam. 

Then, the whole weight may be supposed to act in a \-ertieally 
downward direction, AW, from the junction of the rafters through 
the middle of the tie-beam. This weight natm-ally produces a 

pressure at A and at B of — , It also produces at these points 
reactions B, and R,, each equal to — , since the whole is sym- 
metrically balanced about the central vertical line AW. Further, 
there is a eti-ess of compression along the rafters in the directions 
AB and AC, and consequently an equal and opposite reaction 

* We have purpoBely used the letters ABC and 06c differently placed 

from the previous iigures in Example II., and have drawn the strcHS clU- 

giom in a difFerent position, Id oriier to teacii Ibe student that he most not 

depend upon his memory with regard to \e>,\*i&, \i«\. woqxib. ■Ahh >«ider. 

sljindiag of the " triangle o£ forces.''' StaAeiAa s\\i>\i\A ftta™ 'Avira \\uax. 

^d stress di:igrRins to as largo a Boa\E aa thcii !is.eYCi^\)OQVs,-«\'\BamV.\. 
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along those members from B to A, and from C to A. Also, there 
JB an equal tensioQ on the tie-beam from its centre towards B and 
towards C 

Second, draw the Htress diagram for the thi-ee forces that are in 
©quilibi-ium at the bearing C (viz., the vei'tical downward pressure 

W 

— ', the horiKontal tension along the tie-boam and the i-eaction along 

the i-after from C to A) by plotting DC as a vertical line to scale to 

W 

represent ^, or lo cwt., and drawing DE parallel to AC, and 

producing the tension on the tie-beam until it meets this line DE. 
""Tierefore, the other sides of tlie triangle DCE ro[iresent in 




direction and to the same scale as UC represents ro cwt. ; the ten- 
sion on the tie-beam by CE, equal to loj cwt. ; and the reaction 
along the rafter by ED, equal to 15 cwt. 

In a precisely similar manner the stresses at the beaaing B may 
be found by the " triangle of forces." 

We will leave the more complicated questions in graphic statics 
to our book on the Advanced Stage of Applied Mechanics, since 
we believe the elementary or first year's student will find that 
what has been included in this Lecture is sufficient to enable htm 
to understand what will be brought before him in the future 
'~ ' s of this book, as well as prepare him for answering 
s problems which are likely to be asked of him. 



picture. 
^Hranous p 
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Lecture VIII.— Questions, 

1. State the principle of the parallelt^jajn of forces, anil explain how yoo 
would prove the troth Ihereot by experiment. A vertical force of solbs. 
is balanced h; two forces of 2° ^^^- ^^^ 4° ^^^- ^^"^ their directions and 
the angle between them. 

2. Reproaent the point of application, the direction and the magnitnde 
(lo a, scale of ^V '"ch to a ponnd) af the following forces : — to lbs. acting 
northwards, 15 lbs. acting eastwards, 20 lbs. acting Bouthwards, and 25 lbs, 
acting westwards, all from one point. Find their resultant, and its direc- 
tion. Am. 14-11 lbs, acting Bouth-west. 

3, State the principle of the triangle of forces. Three forces, P, Q and 
B, act from or towards a point, and are in equilibrium. Show graphically 
how jou wonld represent their magnitude and direction by the three Hides 
of a triangle taken in order. Explain the converse of this question. 

4, Two ends of a piece of cord arc fasteneil to two nails in a wall S ft. 
apart in a hotizontai line. The cord in 10 feet in length, and has a knot 
4 ft, from one end, from which point a weight of 25 lbs, is suspended. 
Find by construction the stresses on the naHs, and indicate their directiou 
by arrows. Ang. iZ'i lbs. ; i7'5 lbs. 

5, Show how to resolve a force into two components at right angles to 
each other. A force of 100 lbs, acta at (let) 30°, (and) 45°, (3rd) 60°, (4th) 
75° to the horizontal. Find by construction the vertical and horizonlal 
components for each case, and pro-se your reanlts by calculation. 

6. Sketch an ordinary hand-worked jib-crane. Explain its action by an 
index to parts, and show how the various stresses due to a load on the 
chain not, by aid of a frame an<] a stress diagram. Nine tons is hong 
from the end of the jib of a crane, which is inclined to the horizontal at 
an angle of 60°. If the compreBBion on the jib is 16 tons, find by frame 

I and stress diagrams the tension on the tie-rod. .Ins. 9-4 tons. 
7. In a crane, show the method of estimating the tension of the tie-rod 
and thrust on the jib when a given weight is hung from the end of the jib. 
If the load^G tons, and the tension of the tie-rod (which makes an anela 
ot 60° with the vertical),^ 18 tons, find by a diagram drawn to scale the 
thrust on the jib. (S. and A. Exam. 1890,) Am. 21-6 tons. 
S, In a common crane the jih is jo ft. long and the tie-rod 24 ft. The 
tie-rod is attached to the crane- post at a point 10 ft. above the toot of the 
jib. If a weight of 10 tons be huDg from the point of the jib, Qnd by con- 
Gtmcting a frame and a stress diagram — (n) the tension on the tie-rod ; 
(6) the thrust on the jib ; (r) the horiiontal pull en the post ; {d) (he up- 
ward pull on the same, Ans. (a) 24 tons ; {}■) 30 tons ; (r) 2i-z ; (J) u-i 
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LECTURE IX. 

Contexts.— IncHneil riancs — The Inclined Plane withont Friclion — 
Whfoi the Force acta Pamilel to the Plane— Example 1.— When the 
Force acts Parallel to the Bafe— Example II.— When Ihe Fot«p aet« 
at any Angle to the Inclined Plane— Example UI.- The Principle of 
Work apphed to llie Inclined Plane — Eiample IV,— Qaestions, 

Inclined Planes. — An inclined plane is a plane surface inHined 
to the horizontal, whereby a certain force may be used to raise a 
greater weight to a, desired height than could be done by nppljing 
it directly to elevata the weiglit vertically. Inclined planes are 
also used for easing down weights witli less retarding force than 
would be necessary to lower them vertically. In another fono, 
called the wedge, inclined planes are employed for splitting bodies, 
or different porta of the same body, asunder, as in the case of the 
fiteel wedge used by the woodman to split np logs for firewood and 
other pui'poses. "Wedges ai* also used for forcing bodies together, 
ftnd for fixing them tightly in a desired position ; or for elevating 
them through a small distance, ass in the cflse of the levelling of 
the heavy cast-iron sole-plate of nn engine. And further, as we 
shall have occasion to prove, the welt-known screw, in whatever 
form it may be applied, is simply an inclined plane of a particular 
shape. 

The Inclined Plane without Friction. — In the first place, 
we will consider the inclined plane with a body placed thereon and 
kept in position by a force applied to the body, w/ien all friction 
Jmtween tlie plane artd tite body ia supposed to he absent or negligible 
— i.e., both the plane and the body are assumed to be perfectly 
smooth. There are three cases of this statical problem. 

(i) When the foi'ce supporting the body acts parallel to the 
inclined plane. 

(2) When theforce acts par-allel to the base of the plane. 

(3) When the force acts at any angle to the plane. 

Case I. — Let Ihe/orce P act parallel to the plane, and let the 
ncoompaoying figure represent a vertical section through the ^lana 
ami ihec.ff.s^ the body. Letrtbethec.g. Dit\\6\wA^',"^ \t?>'«'evs^, 
nctinf! rei-tiailly downwardB along the \mti oNfl \^ ^a -wssssBwri ' 
pull (to keep the body in position) appWeOk, aVo-Q^ *« '^^»» '^ "• 
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^K^paraJIel to the plane AB; imd Rthe reaction from the plane (due 
^^Pto the weight of the body resting thereon), acting along the line 
^KaR, at right a,ngles to the plane. 

^K Also, let the length of the plane AB be indicated by l; its 
^g height, BC, by A ; its base, AC, by h ; and the angle of the plane 
to the horizontal by a. 

Now, by the " triangle of forces," since we have three forces, 
W, P and R, acting at a, the e.g. of the body, and since these 
forces are in equilibrium, if we construct a triangle whose sides 

h 




1 



Inclikbd Plabe, Case L 
When P acts Paiuilel to Plane AB. 



are parallel to these forces, they will represent them in direction 
and in magnitude. 

Therefore, plot off along the line ftW a distance ah, to i-epi*- 
sent tiie weight of the body W, to any convenient scale, From, h, 
draw a line ho parallel to P, and fi-om, a, e.xtend the direction of 
R to, c, by the lineac. 
Then, W:P:R::a6:6c:cn 

But by Euclid Ihe triangle ahc is similar to tbe triangle ABC. 
.-. ah: he : ca :r AB :BC :CA 
AB:BC:CA :: I : h : b 



And, 

Consequently, 

Or, 



P: R : 
li 



I 



Or, 



= Sinu: ^, = Cos a: and =- = Tan « 



PrecL'iely the >vime i-csults will be arrived atSS t^aa Avwntv^j^ ■&« 
rrg-Atr-Jiaiid side of the figure) we conMievei ftie "jeVuuaCi a\4e Wi 
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of the triangle ABC aa representing "W, and then liave ilrawi 
line from C on the direction of A!B, parallel to_ R. It will form 
R useful exercise for the student if in every case he will plot down 
both methods, and mark along the sides of the triangle of forces 
the respective yiwces which they respectively represent. 

Example I.— A weight of too lbs. is supported on a Kinooth 
inclined plane by ft force P, acting parallel to the plane. If the 
jnetine be i in lo, find P, and give the reasoning by which you 
establish the reiiult. 

AuBWEiL.^Dniw a figure exactly the name aa that acec 
panying Case 1, and mark W= loo lbs., i= lo, and A = i. Then 
by the " triangle of forces " : 



w '- 



BC 

'- AB 



—Lei the force I' act pun 



to the base, with the es 
.-Ab 




Incliskd PLiNE, Case 2. 
When P acts 1'arai.lel to Babe AC. 

signification for each of the forces and parte of the inclined plai 
and the same aeaumptions. Then plot off ac, along aW, to represent 
W ; dmw clt parallel to P, and extend the direction of R back- 
wards along 06, 

Then W:P:E.:: ac:cb:ba 

But by Eaclid tlio triangle adi is similar to the triangle &CB. 

I .-. «c : cd : ba ■.-.At^J-.CB .BK 

Bd(', AC :CiJ:BA:: f> ; h : I 



7» 
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CouBQjuButly, 


W 


P : E 


:; h : 


h : I 




Or, 


P h 
W b 


R 
W 


h 


..dj. 


k 

1 


Or, 




= CoEec 


— It 


==Seca 


PreciBely the same 
the right-hand side of 


thu figQ 


11 be a 
re) wee 


rived at 
onsidered 


E (as ah 
the vei-t 



I 



shown hy 
[i-ti«il side 
BO of the triiingle ABC aa repi-e'senting W, aiid theu draw a. line 
from parallel to R, and a line BD, parallel to P, to meet the 
line CD. 

Example II.— A force oF ioa lbs. is supported on a smooth 
inclined plane by a force P acting parallel to the base. If the 
incline be i in lo, find P, 

AsHWEB. — Diuw a figure exactly the same ok that accom- 
panying CiwQ 2, and mark W= loo lbs., /= lo, and A= J. 

Then, by the " triangle of forces " ; ^B 

P_CB^A^_i I 1^^ I 

W~ AC ' h 4F^^ ~ ^ic " ' 



w 



" J99 9-95 
- 1006 Iba. 



9-95 9' 9 5 

CasQ 3. — Let the force 1' act at any angle 6 to the inelined plain 

AB. With the same signification for each of the forces and parts 

of the inclined plane, and the same asaumptions, plot oflf from a, 
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along tlio line nW, a distiinoe am, to any convanieiit scale to 
represent the weight of the body W. From this point, *;i, draw 
a line mn pamllel to F, and extend the direction of H backwai-dx 
to meet this line. This small triangle, anm, will be a " triangle 
of fopres," for W, P and K, which are in equilibrium about the 
cj. of the body at a. 

But in this case the student will probably realise the proof of 
the problem more easily if ho conaiders BC as I'epresanting to 
scale the weight W, and then draws CD parallel to 11, and DB 
parallel to P, 

When W : R : P : 1 BC : CD : DB, 

or the triangle BCD is the " triangJe of forces," repre.senting the 
forces W, R and P in direction and magnitude by the sidea BC, 
CD and DB respectively. 

Or, W=B0' W"BU' "" E,"CD 

If we resolve the foixje P (which acts at the angle 6 to the in- 
clined plane) parallel to the phme, then wo can ti'eat the com- 
ponents of P exactiy in the same way as we did the simple force 
P in Case \. 

If we resolve P into the direction of II, then thin component 
acta with B, and is evidently balanced by the resolved part of W 
in the same direction — i.e., along the line, an. 

Example III.^A weight of loo lbs. is supported on a smooth 
inclined plane by a force P, acting at 5o° in an upward direction 
from the inchned plane. If the incline be i in lo, find P. 

AitswBB. — Draw a figure exactly the same as that accompanying 
Case 3, and mark "W = ioo lbs., 1= lo, A= i, and 6 = (>o°. 

Then by the '■ triangle of forces," BC represents W, and DB 
represents P to scale. Measuring their respective lengths we get 

Principle of Work applied to the Inclined Plane.— 
Referring to the hgui'e for Case 1, let the body, whilst under 
the action of the three forces W, P and R, bo moved the whole 
length of the incHne. Therefore P acta from A to B, and at the 
same time W acte through a vertical height CB. Consequently, 
iUjflectiru/ Jriction as before, we have by the "piinciple of work" — 

^m The work put in ^ The work got out 

^b P X ite distance = W x its distance 

^M PxAB = WxOB 

^^^^ Pxi = WxA 



'- t ■ 



mJ. P = W ; 
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Bat this is precisely tbe siinie result as we got by applying the 
principle of the "triiingle of foreea." llenoe, tlie '■ principle of 
work" agrees with the "triimgle of forces" in respect to tbe 
inclined plane. 

Cases 2 and 3 may be treated by the student in exactly the 
same way, and the con-ect results will be the same us those found 
by the " triaogle of forces," 

Example IV. — An inclined plane is used for withdrawing 
"barrels from a cellar by securing two ropes to the top of the 
incline at B, then passing them down the incline, half round 
p the barrel, and up to the borizontel 

platform at the top of the incline, where 
two inBn piUl on tbe ropes in a direction 
parallel to the plane. If tbe weight, W, 
of the barrel is 300 lbs., the length, I, of 
the incline ao ft., and the height 10 ft,, 
lind, by the principle of work, the least 
foi'ce which must be exerted by tbe two 
men, and the work expended, rteijleclmy 
frictioii-, in drawing the barrel from the 
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;ellar. 



Let the accompanying figme repi'esent a vertical cross section 
through the middle of the barrel and the inclined plane. Then 
statical force, P, applied at the c.^. of the baixel, would juat balance 
its weight, W, and the reaction from tbe plane (not shown). 
By the principle of work, netflectiitg friction — 
The work put in = The work got out. 
P X its distance = W x its distance. 
Px;=\VxA. 

P = W ~ = soo^,= ioolbs. 

But by passing the I'Ope round the baiTel, as explained in 
question, this force P is hiilyed on tbe I'opes (see Lecture V, 
the pnlley and snatch -block). Thei-efore the least force which 
the two mon must exeit in order just to move the barrel will be— 

-='--= 50 lbs. 

a distance 2 1 = 40' ft. ; thei-efove the 






But this force acts throug 
work expended will bo — 



»^ - X 2 ; = 50 lbs. X 40' = 2000 ft.-lbs. 



In thLi question we have a combination of tlie pulley ami tiio 
inclined plane. The inner ends of the two I'opes being fixed at 
the top of the inclined plane, the force with which the men act 
on the free ends is commnoicated throughout the ropes, so that 
the stress in the ropes on each side nf the barrel balances the 
force P, that would be required to move the baj-rel up the lucline 
if applied at its centre of gravity. 

Oi', the theoretical advanlaye due to the pulley part of the 
P aP 2 



1 



Then for the inclined plane part we have by the " triivnglo of 
forces," or by the " principle of work," n, t/teoretical advanttign of — 



Therefore, the toUU theoretical ad/antago is the pt-odnct of the 
two separate advantjiges, viz. — 

2P W 2 2 4 



Consequently, a force of i lb. applied at the free end of the rope 
would balance a weight of 4 Iba. on the incline. Or, as in the 
question, and, JwgfecJiwg'/rMtfjore, a barrel weighing zoo Iha. requires 
a pui! of 50 lbs. to move it up the inclined plane. 

We have simply split up the total advantage 111 this way to 
show the student that the combined advantages of the several 
parts of a compound machine must equal the advantage of the 
whole. We might have said at once, as we have done before in 
other cases — 

ll^ W zooo 4 
^V The Theoretical AdvanUtge = ^ = = - 

^ HOTB.— I have thia day (Sept. 9, 1892) witnessed the interesting opera- 
tion of lowering four very large 35-ton steam boilera of the marine t;pe, 
down an incline of about ico feet in length by the method described in the 
foregoinft qnestion. Oiie man, bj aid of an ordinary block and tackle, 
Eopplied the requisite restraining force on the free end of the rope. 
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LECTUKB IX.—QllESTIONS. 

1. Prove by the triangle at forces (drawn to scale) the rclatioa between 
the weight W of a bodj resting an a smooth inclined plane, the reactioa, ' 
R, from the plane, and the force, P, ceceasarj to just balance the weights 
(1) when the force, P, acts parallel to the plane ; [2) when it acts parallel 
to the baee ; (3) when it acts at hji angle, 9, to the plane. 

2. A ball, weighing 100 lbs., rests on an inclined plane, being held in 
position by a Btring winch is fasttaed to a bracket so as to be parallel to 
the plane. The height of the plaTie being i of the length, find the tension 
of the string and the pressure perpendicular to the plaiie. Establish joot 
results bj reasoning on known prinoiplea, such as the principle of wort or 
that of the paialleiogram of forces. Ans. P=33'3 Iba., and 6=93-3 ^^■ 

3. Prove the relation between "W, P and R, acting on a body resting ob 
a smooth inoliDed plane by the " principle n/inorlc" tor aasea 1,3 andS 
in this Lecture. An incline is I ft. in vertical height for 15 in length. A 
weight of ICO lbs. rests on the plane and is held op by friction ; make a 
diagram for estimating the pressure on the plane, and Und its amount, 
Ans. gg-y lbs. 

4. Friction being neglected, find the force, acting parallel to the plane, 
which will support 1 ton on an incline of i ft. vertical and to ft. along the 
incline. Prove the formula which jou employ. If the incline were I ft. 
vertical and zSo ft. along the incline, findthe force in ponnds which would 
snpport I ton, (S, and A. Exam, 1890.) Atu. 224 lbs., and S lbs. 

5. A smooth incline plane hai a vertical side of 1 ft,, and a length of 
10 ft. i what work is done in pulling 10 lbs. up 8 ft, of the incline J Am. 
8 ft, -lbs. 

6. When a bod7 is raised through a given height, how is the work doie 
estimated I A body weighing 8 cwt. is drawn along too ft. up an incline, 
which rises 2 ft. in height for every 5 ft, along the incline ; the resistance 
of friction being neglected, find the work done. Ans. 35,840 ft.-lbs. 

7. A smooth incline is S ft. long, and the total vertical rise from the 
bottom to the top thereof is 2 ft. What amount of work is performed in 
drawing a wejf^ht of 100 lbs. up 4 ft. of the incline, and what is the least 
force which will do tliia work ? Ans. 100 ft.-lhs. ; 25 lbs. 

8. Friction is neglected, and it is found that a force acting horizontally 
will move lo lbs. up 5 ft. of an incline rising I In 4. Find the work done, 
and find also the force parallel to the plane which will just support the 
weight of 10 lbs. Ans. 12-5 ft.-lbs. ; 2 lbs, 

9. A car laden with 20 passengers is drawn up an incline, one end of 
which is 160 ft, above the other ; the car, when empty, weighs 3 tons, and 
the average weight of each passenger is 140 lbs. Find the nnmber ot 
ft.-lbs. ot work done in ascending the incline, neglecting friction, jm. 
1,164,800 ft. -lbs., or 520 ft.-tons. 

10. It will be observed that draymen sometimes lower heavy casks into 
cellars by means of an inclined plane and a rope. One end of the rope is 
secured to the upper end of the inclined plane, and is then passed undvr 
and over the cask, the men holding back by means of the loose end. Now, 
supposing the incline to be at an augle of 45 degrees, explain the mechanical 
principles that are hero applied, and find the advantage. An/. 2 v"* : 1. 

11. A barrel weighing 5 cwt. is lowered into a cellar down a smooth slide 
inclined at an angle of 45 degrees with the vertical. It is lowered by meaca 

r two ropes passing under the barrel, one end ot each rope being Used, 
w/ii'/e two men pity out the othei enda oi Uic To^iea. Tjrhsit pnll in lbs. 
st each ntaa exert in order that t\ie \iaTTc\ roa^ \)e aiy^VitS. tA. ac^ 
'tf ("S. fluff A. B-xam, 18S9,) dns. ggW^s-neaT^. 
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CoNTBKTS. — Friction — Heat is HcTEloped wlipn Force overcomes Friction 

^^^ — Laws of Friction — Apparatus for Demonstrating First and Second 

^^^^ Latrs of Friction- — EiporimeDt I. — Example I. — Angle ot Repose r- ' 

^^B Angle of Friction— Kxperiment II.— Diagram of Angles of Repose- 

^^H Limiting Angle ot HsElstance — Experiment III, — Apparatas ft 

^^f Demonstration of the Third Law of Kriution— Experiment IV.- 

1^^ Labrication — Anti-Friction Wheels- Ball Bearings^Vork done o 

^' IncliBEB, inclnding Friction— Ksample II .^Questions. 

I Triotion. — Whenever a body is forced to slide over another body, 
an opposing resistance is at onco experienced. This natural re- 
Bistance is termed friction.* The tnie cause of friction is the 
roughness of the surfaces in cout.'ict. The smoother the sliding 
eurfftcea are made the !ess will be the friction. Friction cannot, 
however, be entirely eliminated by any known meanp, for oven 
the most microscopical protuberances on the smoothest of sur- 
faces seem to fit into corresponding hollows on other equally 
smooth placed, so that some force in required to make the one 
body slide over the other. 

Friction has its advantages as well as its disadvantages. For 
example, if it were not for friction we could not walk. Let any- 
one put on a pair of hard, very smooth-soled boots, and try to 
walk over a sheet of very smooth ice. He will at once experience 
the difficulty of doing so with any degree of speed and comfort. 
Just imagine the boots to be as hard and smooth as the ice, and 
where would the experimenter be landed ? On the other hand, if 
he put on a rough pair of tacketed hoots and walked along a rough 
road he would soon become tired. 

It is the duty of the engineer to reduce friction to a minimum 
in thu case of the bearings of engines, shafting, and machines 
generally, in order that a minimum of work may be expended in 
working them, lie has, however, also to devise means of pro- 
ducinga maximum of friction in the case of certain pulleys, grips, 
chitches, bi'akes, and such like appliances, whore motion has to 
be transmitted by aid of friction, or bodies in motion (such as a 

* French writers call friction a pansive rfsintanr-e, ^leftaaMi'i^. N* 0^"^ 
apparent when one body tends to move 01 pass o-jct a,^YO^.^vM. 
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moving ti^ain) htive to he broitglit to rest quickly when neaiing a 
station. 

Heat is Developed when Force OTercomBB Friction. — 
Whenever a bod}' ia set in motion by a force, part (or in certMn 
cases it may bo the whole) of the mechanical force is expended in 
overcoming frictional resistance. This lost work is directly trans- 
formed into heat in the act of overcoming the frictional resistance 
through a distance, J'''or example : — A person slips down a vertical 
rope by holding it between his hands and his legs. The force of 
gravity impels him downwards, overcoming the frictional resist- 
ance between his hands and limbs and the rope, with the conse- 
quence that they become severely heated, especially if he happens 
to slip down quickly. A boy takes a run, and then slides along a 
level piece of ice. The foot-pounds of work stored up in him just 
before he begins to slide are expended partly in overcoming the 
frictional resistance between the soles of hi« boots and the ice, 
and partly in the frictional resistance between his clothes and the 
air. As a consequence, he will find that by the time he gets to 
the end of the elide hia soley are considerably warmed. If the ice 
were perfectly level, infinitely long, and if there were absolutely 
no friction between it and his boots, and if there were no fric- 
tional resistance between him and the air, then he would slide on 
for ever ! If we could diminish the frictional resistance between 
the skin of a ship and the water, and between the exposed parts 
of the ship and the aiv, to not/iing, then all that would be required 
to transport her across the Atlantic would be a strong force 
applied at the start until she attained the desired speed, when she 
would proceed forwai-d, and arrive at her destination with undi- 
minished velocity I In ideality, however, we find it necessary to 
employ steam engines of 10,000 hoi-ae-power continuously in order 
to propel an Atlantic " greyhound " of 5000 tons at twenty knots 
an hour in the calmest of weather. About one-half of this power 
is absorbed in overcoming the frictional resistance of the ship 
thi'ough the water and air, and the other half in the frictiond 
and other losses due to the working of the pi-opelling machinery. 
Examples of the conversion of mechanical work into beat are 
80 familiar to you all, being in fact brought prominently before 
your notice every day of your existence, that wo need not further 
enlarge upon this question except to remind the student of 
Dr. Joule's discovery of the rate of exchange between heat and 
work. He found by experiment that if work ia transformed into 
heat, every 773 ft. -lbs. of work will produce i heat unit, or that 
gu^utity of hent which would raise 1 VVi. of >Ba.tei; 1° Fahr.* 
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Laws of Friction. — Tlier& are three primary laws of friction : 
ist Law, Friction ia direcCly projiorttottal to t/ie prusiure beticeeii 
two aur/aces, i/thet/ remain in the same condition. 

and Law. Friction ia independent of the areas in contact. 

3rd Law, Friction is independent ofvdodti/. 

Almost every law haii, however, exceptions, and these are moKt 
certainty only true within nart'ow Utnita, For considerable 
variations from the first law tnke jilaoe when the pressure on the 
surfaces becomes ho great that tha irregulai-ities on the one body 
bight into the other, or when a lubricant ia squeezed so thin that 
it cannot be evenly maintained between the surf aces. The second 
law does not hold good when the areas in contact are gi'eatly altered, 
and the third law is not reliable at high speeds. In fact, to obtain 
even a fair knowledge of the v.iiiations of friction with alterations 
of pressure, area, velocity, and different materials, requires a careful 
study of a vast number of expeiiments. 

Apparatus for Demonstrating First and Second Laws of 
Friction. — Nevertheless, it will he both interesting ami iostruc- 
tive to students to bave these three laws demonstrated by the 



following simple appai'atus : — 




Second Laws 
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The incHiieJ jilane IP ih fitted witb a joint at its left-hand 
end, and after slackening the pinching pin PP, it may l>e raised 
to any desii-ed angle or fisod in a level poaition hy tightening the 
pin. The desired [msition is found by reading oil' the angle oppo- 
BJle the plumb-ball line on the graduated degree scale of the 
<iuadrant Q. In the box 1) miiy be kept planes of glass, biHSt^ 
iron, steel, ite., br well as the diffei-ent kinds of wood to be experi- 
uientod upon. These planes are iixed on IF, in a. central poaition, 
by means of a catch, and the bodies to be laid upon them should 
lie fitted with a small hook opposite their e.g., to which a fine 
flexible silk cord can be attached and passed over the guide- 
pulley OP, which should turn very freely on its bearings." The 
pull P is best effected by attiicliing to this cord a small tin pail 
into which shot may be dropped one by one until the body moves 
freely on the plane. The pail and shot may then be unhooked 
and weighed in a balance. 

Demonetrations of the First Law of Priction.^EsPEBi- 
truly hori'^ontal poei- 
tioD. Tidte from the box B, 
say, a long strip of planed 
yellow pine and a small block 
of the same kind of wood, 
and let its weight be W. 
Adjust the strip along the 
middle line of IP by means 
of the sneck or catch, and 
place the block therein. At- 
tach the silk thread to the hook on the forward side of the bloek, 
and pass the same over the practically frictionless pulley. Hang a 
little tin pail from the free end of the silk thread, and drop small 
Bhot one by one into the pail until the block moves freely over the 
yellow piue strip when aided by a little tappjiig on the table. 
Unhook the pail containing the shot, and weigh it as carefully as 
rou weighed the block of yellow pine. Let it equal P units. 

Then P is the foroe which just overcomes the directl;/ opposing 
paasine reaisUirice, called friction, between the surface of the yellow 

• The gmdo-piillej bracket should be fitted with a stiff joint and witb a 
telescope arm, so t hat tlie piillev may be raised or lowered in order to 
bring tlic diriiCtiu]] nf tin! pull I* on the cord parallel to tLe plane, or 
parallel lo ita linsp, or ali]Ll^tell to any desired angle with respeut to tlie 
plane, in iiiilL-r In liEiTioii-triite Cases i, 2 and 3 of the inclined plane in 
Leciurc IX. lly liiivi:]j!;, iiut", a j" Klut alonj; the middle ui the ]jliinc. and 
by lowering tliu pidlt>j*, Liiae 2, wherein the pull on the body is parallel ta 
the base, may be rcndily domonatrBted; and by pulling out the telescope 

n of the bracket, and luraing up the bracket. Case 3, wherein the poll 

kea an ang'Je, fl with the plane, may be verifled, 
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pine block and strip ; and the ratio -^ is teimed the co-e^ient of 

frietimi. Now put another block of weight W on the top of the one 
just tested, ao as to double the pressure on the sliding suifiit'e, and 
put in shot until the block moves when aided by a little vibration, 
so as to oveitjome the greater resistance to starting the body in 
motion than to keep it moving,* Yon find on weighing the pail 
and shot that it is now 2P. Consequently the co-efficient of 

friction has not altered, for —^ ia the same fiuction as t^-. 

ExAUPLi; I. — Suppose you take a very small block of wood 

(say ^- thick, 2" long and i" broad; in fact, so light that its 

weight is nogUgible), and plate a i -lb, weight on the top of it ; you 
will find that 5-75 oz. are reij^uired to tJauae motion of this piece 
of wood over the surface of the yellow pine stiip. You therefoi-e 
conclude that the co-ejicieiit of friction is 

P 575 OK, 

W"T6oir"'-^5''' orfi-iction = ,3S3 W, 

Now, place a sdb. weight on the upper piece of wood, nad you 
find that it requires more shot in tlie pail to move it. Weigh the 
pail and the shot again just after you have obtained free move- 
ment of the one body over the other, and you will find that it 
amounts to 11.5 oa. 

W II. c 
Consequently, ~p ~ — ^==-353 "^ before, 

however, you put a. lo-Ib. weight on the upper piece of 
, you will obtain a different result, thus proving the first law 
%nd the variation thei'efrom ; because in this lattei' case the 
pressure ia so great, compared wif,b the first and second experi- 
ments, that the grains of the upper piece of wood enter those of 
the lower, and bring into play another condition of aB'aii-a^viz., 
the gripping action of the one set of grains on the other set. If 
you hadtakpn a large plank of yellow pine, weighing, say, 100 lbs., 1 
and had placed it on another similar plank, the co-efBcient of 
friction would have a certain value. If you had even put a loo-lb. 
weight on the upper plank, the co-eiiicieut of friction might not 
have varied perceptibly. But if you placed a weight of 1000 lbs. 

* Slatical friction, or the friction of repose, is tliat resistance which 
opposes Ibo iiommencmg ot the motion, li b, Viod's \ib ^\oiisji.te\«^OTi. 
aoorhcr for soma time, jt lequires more foicetomoveVv.ttiSBi.'iL'i.t'toa-'s^, 
been Btationar/ for a few seconds. 
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on tbe upper plank, the co-eiEcient of friction would be con- 
siderably altered. Hence you obseiTe tbat tliis fii-et law only 
holds good between narrow limits.* 

Angle of HepoBe, or Angle of Friction — Experiment II. — 
Another way of pi'oving the fii-st law of friction is to disconnect 
the silk thr^d and the shot-jia.il from the upper body, and tilt np 
the inclined plane to such an angle, a, with the horizontal that 
(with the aid of a little tapping) the weighted block of yellow 
pine jiiat slides slowly down the incline. Here we have simply 
the force of gi'avity acting on the body and overcoming friction, 
Atthe moment the body Just begins to slide we have the weight, "W, 
of the body acting vertically downwards, R the reaction from the 
plane at right angles to the surface, and F, the passive resistance 
of friction, acting parallel to the plane in the du-ection of oP 
in the first figure in this Lecture, Now, these three forces act 
from the c.ff. of the body, and they are in equilibrium. R is equal 
to the resolved part of W at i-ight angles to the plane (or R - 
W Cos n), and it repi-esents the pressure between the surfaces. 
P is the resolved part of W, parallel to the plane (or F ="W Sin «), 

^■"tl g ia the co-efficient of friction, h 

F ^ W Sin a ^ rp, ^ A ^ height of ^ne H 

' ' S W Cos a b base of plane ^H 

The angle a, to which the plane must be inclined before tlie 
free body will slip over the fixed one, has been termed the " aiiyk 
of repose" or " angle of friction." 

Therefore, the tangent of the angle of repoee is equal to the co- 
effi^eTii of friction. 

But — was proved by the previous experiment to be also equal 

to the co-e^denl of friction, ^M 

■■•W = R= 6 =Tan„ = . ^ 

Or, P = f.W and F = ,xR 

* Sir Robert Stawcll Ball, wben Professor of MeohaniEin at the Rayal 
College of Science, Ireland, tried a careful experimGnt in the above way 
with a smooth horizontal surface of pine 72" x 1 1', and a elide, also of pine, 
^'xci" grain crobswiee. He loaded and started tbe Elide, and applied a 
force sufficient to maiDtaio it in unirorm motion, and he found that im 
increasing the load from 14 to 112 lbs., by increments ot 14 lbs., tbe co- 
efficient of friction diminished from '336 to 262. Fiom these experimmta 
A* ooDStracted the empirical formal lot t\i\a case t,V«.t If =-q-t'266 B, 
where F is tie frictionaJ resistance and S. (tie ieac\i<rtittQm\.\iaBaA»s»sK 
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where fi is the Greek letter imivei'sally adopted to repi-esent co- 
eflicieiits of friction. 

The flccomjianyiiig figure is a diagrnni of the " angles oj'repose " 
for various common materialp, together witli the numerical 
values <rf n, or their co-efficients of friction. 




Limiting Angle of Besietance, or Sliding Angle. — A 

thiid way of proving the first law of fiiction is to place the bociie 
so that the eliding surface is perfectly level. Then begin by 
pressing the upper body through the intervention of a compres- 
sion spring-balance fitted with a sharp point, so that it will not 
slip off, and with a clinometer to indicate the angle tLi-ough which. 
it is tilted away from the perpendicular. Now gradually inclin 
yonr pressure to the perpendicular, until yon arrive at such a 
angle aa will just cause the upper body to slide over the under 
one. This angle is termed the "sliding angle," or " Ivmitinij wiiijle 
of resislaiice," because it is the limit, or maximum angle which 
the reaction from the surface can make with the perpendicular to 
the surfaces, for the reaction must act in the directly oppoi^ite 
direction to tha pressing force.* Again, apply the spring- balance, 
but with double the registered pressure, and you can jutt inclin 
this force to the same angle as before. If, however, you pres 
with ten times the former force, you would probably be able to 
act at a greater angle than befoi'e. It will be seen from this 
experiment that 

The Limiting Avijh of Reaialance = The AiKjle of Reitoae. 

* Here the veigbt o£ the upper body ia sop^oaeA "^ \ic iv^\'t*^* "^ 
ooBipatisoa with the inclined pressure (ipoa it. 
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Demonstration of the Second Law of Friction. — Ex-' 
PERiMENT III.^Take a block of planed, yellow pine, and cut it into 
two equal pieces at right angles to tlie pinned surface. Place one 
piece on the horizontal strip of yellow pine (used in previously 
demonstrating the first law), with the planed side next to it, 
and put the other piece on 
the top of it, US shown by 
the second figure in this 
lecture. Now ascertain the 
horizontal pull, P, required 
to overcome friction. Then 
attach the top piece to tlie 
bottom one, aa shown by the 
accompanying figure, so that 
the area of the surface in contact is doubled, and you will find 
that the same horizontal force, P, will cause it to move. If 
you take a long planed block and cut it into ten equal pieces, 
each of the same size as one of the above pieces, and tiy the 
experiment in a similar manner, you will be able to increase 
the area of contact tenfold, nnd you will then find that the 

p 
ratio ^ is not exactly the same with the smiace of one block 

in contact with the strip, us when the surface of the whole ten 
came into action at once. The result of increasing the aiea in 
contact may also he tried by placing the blocks on the inclined 
plane, and observing the angle to which the plane is tilted when 
they begin to slide down the plane. 
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I Demonstration of the Third Law of Friction. — Tlio pi-e- 
iing figure i-epresents the apparatua belonging to the Applied 
Mecht\nicfi Department of the Roya] College of Seientie, Mouth 
KecBington {ns described by Prof . Gixideve in his "Mamiol of 
Applied Mechimica "), for demonstrating the first iiud thit-d lawn 
of friction. 

If the weights, W, be removed from the scale-pan SP, then 
there will be but ii slight pressure between the lower surface of 
the test-piece TP, and the roller cjlinder C. Consequently, on 
turning the handle H in the dii-ection of the aiTow, there will be 
a slight pull on the cord, causing the pointer P to move a degree 
or two over the graduated scale GS, The pointer should there- 
fore be set back to zero. 

ExFERiUENT IV. — Put a weight, W, of say 5 lbs., into the 
scale-pan, and turn the cylinder slowly by the handle as before. 
The pointer deflects so many degrees. Increase the weight W 
to 10 lbs., and the pointer instantly indicates twice the amount 
of friction ; put in 15 lbs,, and it shows treble the friction ; thus 
demonstrating the first law. Then turn the handle faster and 
faster, and the pointer remains fairly stationary, thus proving 
within certain limits that friction is independent of the velocity.* 

Lubrication. — Lubricants, such as ttUlow, grease, soft soap, 
and many kinds of oils, ai-e used to reduce friction. Both skill 
and knowledge are required to decide upon the best kind of lubri- 
cant and the proper amount for different caSfS. Lubrication and 
lubricants shoidd receive greater attention from the engineer, for 
the satisfactory working and length of life of most machines de- 
pend so largely upon effective lubrication. Where very heavy 
pref«ureB and high speeds are experienced as in some cases of 
electrical machinery, it pays to use the very best kind of oil, and 
to distribute it to all the bearings from one common centi-e under 
pressui-e by means of a force-pump. It thereby flows in a con- 
tinuous stream through the healings to a filteiing tank, from 
which it is again and again pumped on its soothing mission for 
months on end, without change or gieat loss in quantity. This is 
a very different state of matters from the " travelling oil-can " 
systom, where the amount applied may vary, and the times of appli- 
cation may be en-atic, according to the opinion of the attendant. 

Antl-Frictlon Wheels. — In the e«se of delicate machinery, ^ 
such as in Atwood's machine for ascertaining by experiment the ^H 
acceleration of gi'avitj', and in Lord Kelvin's mouse-mill for ^H 
driving the paper roUeis of his Syphon Recorder, when i-eceiving ^M 

• See Atoleawortb 'a Pocketbook of Engraeeiingt'oiTO'ftVie, waft.^u&'^'W^ 
BEtions of the lastitatioD at Mechanical Enein.eew,tOTXBS>^^t'AVnrAASfli. 
especimeats with abulle rnn at diffeitait spceda. ^ 
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^H telegraphic signals t'ruiu long stibmaiine cables, aiitt-fricti< 
^H wheels are used for the purpose of reducing the friction to 
^fcldininiuin. The aceompanyiBg figures illustrate one pair ■ 
^B an ti- friction wheeiB. The spindle S, which caiTies the drivinj 
^r wheel, instead of resting on two ordinal^ 

■^f^" bearings, is supported by two wheels af 

each end, so that a rolling contact is pro- 
duced between it and the wheels. This 
form of contact implies far less friction to 

11'"" ^l J^H,™'/ begin with, than a sliding or scraping 
\l \/ y tact. Besides, the small amount of forotl 

^~— -^^J^^ required to overcome the friction betwefflfj 

( Lj J tM i' W ^^^ spindle and the rims of these wheel% 

''"' ^Tnl r i j ™' ~^ ^^^ "■ Si^^t advantage or leverage given 
Kna |M to it, in as far as, it acts with an arm 

^ equal to the radius of the wheels FW, and 

Anti-Fkiction FWj. This enables it to turn them witli 

Wheels, great ease at a slow rate in the very 

bearings B, and E,. 
In merely overcoming friction at a bearing, there is a 
siderable advantage in using large pulleys ; tor, the force nece 
at the periphery of the pulley to overcome the friction at the 
ing, is inversely proportional to the radius or diameter of th%^ 
pulley. (See Lecture XI. fig, i). 

Ball Bearings, — Another example of the efi'ect of rDlliiiji.1 
contact reducing friction ia found in the use of ball bearinj 
which are now so common in all kinds of cycles and in high- 
foot- driven lathes.* 

When it is necessary to move heavy beams, guns, &c., a common 
practice is to place them on rollers or on two channel iron 
girders § with round cannon-shot between them, when a. 
paratively small force, properly applied, will have the desired 
effect. 

We will have to return to this subject in the Advanced Gourae- 
when dealing with the friction between shafts and their bearings, 
and the various means that have been adopted for minimising 
the same. In the oieautime, we will complete this Lecture with 
an example of work done on an incline when friction is included. 
Work done on Inclines, including Frlotion.— The method 
Lei calculating the work expended in moving a body along a aittootlt 
^^clined plane was fully dealt with in Lecture IX. ; consequently, 
Kbe student is prepared, after what has been said about friction ji 
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■WOBK DOire 0» HfCUKES INCLtmiNG FRICTIfHS. 

this Lecture, to consider the case of pulling a body up or down 
a plaDe when the co-effideut of friction between the bod^and the 
plane is known. 

The Cotid wwk expended is evidently divisible into two distinct 
portions — 

(i) The work done icilh or against l/ie action of gnwitii, accord- 
ing as the body is moved down or np the inclined plane= V' 
(where A is the height of the plane). 

{:*) The work done<tt/ain»(/rwritoii = Px/(where / is the length 
of plane passed over). 

The work to be done against friction is the same whether the 
body is urged up or down the incline ; for it is equal to the 
efficient of friction x the reaction from the plane x the distance 
through which it is moved. 
Or, Fxi=^xKx; 

But by Lectm-e IX. Rxi = Wx6; .-. Fx ; = f. x W x 6 
Or, the work done against friction in moving a body along the 
inclined distance I, is equal to the work done in moving the same 
body along a horizontal distance h, equal to the base of the incline. 

If the work to be done in overcoming friction, is equal to the 
work capable of being done on the body by (/raviii/, the body will 
be in e(juilibrium, and the inclination of the plane is equal to the 
angle of repose. 

If the work to be done in overcoming friction is lesg than the 
work which gravity can do on the body, the body will shde down 
the incline, or, in technical language, the machine will overhaul. 

Example 11.^ — What is the co-efficient of fiiction, and how is it 
ascertained ? There is an inclined plane of i foot vertical to 
ID feet horizontal ; what work is done in moving 700 lbs. 5 feet 
along the plane, the co-efficient of friction being 'oS ? (S. and A. 
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Answer. — The co-efficient of friction for two bodies in contTi 

the passive renelatux {opposing the motion, of tJie one over t) 

ither) divided by the reaction or 7iormal pressure between the tur/aa 

^ F^ 

Reuction U 
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Total work iloue = work done ayainaC yrarilij + icoi'i June oyuiiisl feidltfi 

Referring to the accompanying figure, we soe tbat- 
(r) Work done against gravity = WxDE 
(2) Work done against fi-iction = F x AD 

.", Total work done ■■ 

Wo have therefore only to interpolate th( 
flpondlng to these letters in order to arrive at the result. Frc 
tion W = 70o lbs. From the lif;ure we see that DE is parallel 
seqnently by Euclid the a", ADE, and ABC ate similar in every respect 
and therefore 

DE:BC:: AD; AB; or. DE = 55^^ 

But, also by Eaclid, AB = yAC- + BC=' = ^itf + 1^= I0'o5 ft. {ni 

Consequently, DE = ?5^ — i^ :.-497 ft. 

And, 1' = jiR 

From the question we are told that ^ = ■08, and we learn from Lectare IX. 
that 

B : W : : AC : AB ; or, R^Y[^A9.^7oo^^^^,^ ^^^^ 
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/. F=)iR = -oSx6f)6'5 = S5'72lbs. 

Hence Total Work = W x DE + F x AD 

= 700 X -497'+ 55-72x5' 

„ „ „ = 347'9 (t.-lb9. + 278-6ft.-lt 

„ „ „ = 626-5 ft.-lba. 



i 
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Approximate Answeii.— Siuce the inclination of the plane is so 
iry Huiall in this case, we might h^ve assumed that 

R=W; AB=AC, ana-^E = JEU ^M 

Then, \ ^H 

(1) Workdoneagainstgravity =WxDE^7ob« J' =360 ft.-llM^^| 

(2) Work donoasninst friotion = F x AD = ■08x700x5 = 280 ft.-lbs. 



. Total work = Wx DE + F x AD = 3So 1 280 = 630 (l.-lbs. 
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JjKCTUBe X. — Questions. 

. What la friclion, andhow doealtact 7 Whatisdeveloped when force 

rcomes friction % How do yoa measure the resnlt 1 
z. Explain by sietcheB aud concise description how the laws of friction 
may be tested experimentally. What is meant by the '' co-eificiBnt of fric- 
tion," "angle of repose," "angle of friction," and "sliding angle" or 
" limiting angle of resistance " 1 

3- How is the co-efficient of friction between two surfaces ascertained 
approximately by experiment I When two rough Burfacea are pressed 
together, how mnoh may the line of pressure be inclined to the common 
perpendicnlar to the surfaces in contact before motion ensues 1 (S. and A. 
Exam. iSSg.) 

4- What is the co-efficient of friction when the angle of repose 
:d)4°42':(6) 11° l8':{ct i6''i2':Ml2l°d8': tel 26° l6' : f " "-" ' ' 
Draw the angles 

C/) -5774; to) 1. 

5- An inclined plane is 100 feet long and 20 feet high. A body weighing 
100 lbs. is pulled up from tbe bottom to the top, and then down again. If 
the co-elGcient of friction between the bodj and the plane is 5, what 
work was expended in each case 7 What would require to be the co- 
efficient of friction in order that Che body might just slide down of its 
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own accord? Aik. 6,900 ft. -lbs. ; 2,900 ft.-lbs. ; 

6. What is the co-efflcient of friction, and how is it ascertained 1 There 
is an inclined plane of i foot vertical to 5 feet horizontal ; whet worli ia 
done in moving 100 lbs. through 100 feet aiong the plane, the co-efGcient 
of friction being ■! 7 Ane, 2,980 ft. -lbs. 

7. An incline is 80 feet long, with a rise of 20 feet. A body neighing 
100 lbs. is drawn 40 feet along the incline ; what work is expended if the 
co-efEciont of friction ia ■& 7 Ain. 3,320 8 ft.-lbs. 

8. A weight of 5 owtB. resting on a horizontal plane reqairesahoriaontal 
force of 100 lbs. to move it against friction. What is the co-efBcient of 
friction? Aiia. 'iS. 

9. A plank of oak lies on a floor with a rope attached to it. When the 
Tope is pulled horizontally with a force of 70 lbs, it just moves, but when 
pulled ^t an angle of vf to the floor a force of 60 lbs, moves it. Wliat is 
the weight of the plank and the co-efficient of friction between it and the 
floor? Am. ii6i5Ib5.; -6. 

10. Suppose a locomotive weighs 30 tons, and that the share of this 
weight borne by the driving wheel is lo tons. Then, if the co-eflicient of 
friction between the wheels and the ra-ils be -2, what load will the engine 
draw on the level if the required co-efficient of traction be 10 lbs. per ton 
of train load 7 What load will this engine draw at the same rate up an 
incline of l in 20? Ana. 44S tons (including engine); 36' 72 tuns (in- 
cluding enginej. 

ti. State the laws of friction, and explain the contrivance known as 
frletion irheeh. What is the advantage of l>all bearings for bicycles? 
Sketch in section such a hearing. (S, and A. Exam. 1S91, ) 

12. What are lobricants, and for wha.t purposes are they u.sod in machin- 
ery 7 What kir d of lubricant would you use for tlic moving parts of q.J 
very high-gpeed engine and direct-driven dynamo, and how would jovT 
^ply it so as to be able to use it over and over agumi 
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LECTURE XI. 

CoNTBNTS. — Difference of TeDsioD in the Leading and Following Parts of 
a Driving Belt— Brake Horse-Power transmitted, bj Belts— EKam plea 
I. II.— Velocity Ratios in Belt Gearing— Kiamples HI. IV.— Open and 
Crossed Belts^Fast and Loose Pulleys— Belt Gearing Reversing 
Motions— Stepped Speed Cones with Starling and Stopping Gear — 
Driving and Following Pulleys in Different Planes — Shape of PuUey 
Faoe— Questions. 

We shall devote tliia Lecture to the traiiMmiBsion of power by 
belting and to belt-geaiing. 

Difference of Tension in the Leading and Following 
Parts of a Driving- Belt.— In Lecture VI., when discussing the 
case of the Kimple pulley, we aSKunied that the belt or rope passing 
over the pulley was peifectly flexible, and that there was no fric- 
tion at the axle of the pulley. Conse- 
quently, we found tJiat equal weights 
would balance each other, or that the 
tension of the two sides of the belt 
were equal. A little consideration of 
the subject will show that when one 
pull«y is diiven from another one by 
an endless belt or rope, the tension oa 
the driving side must be greater than 
that on the following side, 

1. Take the case of an ordinaiy 
vertical pulley with its axle or shaft 
resting in two bearings (one on each 
side of the pulley), with a belt or rope 
passed over it, and with weights at- 
tached to the free ends of the same. 
Here we must have a certain amount 
of friction between the axle and its 
bearings, which caji only be overcome 
by a, force applied to the circumference 
of the pulley. 




^^^ Let 



F,= 



i3«™^^ 
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Eadius of the axle. 
I" Force required to overoome the friclion ot Hie axle 
\ wlien acting at the ciccamference of the pulley. 

Radius of the pulley to centre of belt. 



(VV „ 
Let . . Wj = ] and which therefore produc 
{ slack side = T,. 
I Least weight tbat can be attached ta the right 
. W = I hand f.ide of the belt, and which therefore pro- 
* [ duoesatenidon on the driving aide =Tj. 

Then taJdng moments about the centre of the axle, we have — 

Or, . . T,xr, + F,xr, = Trt xr. 

Dividing both Eides of the equation by j-, we get 
T, + F, = T„ 
.-. F„ = T„-T, 

Or, expressed in wordw, the force F„ acting at the circumfevence 
of the pulley (which is required to overcome the friction of the 
axle) is equal to the tension T^ on the driving oi" forward side of 
the pulley, wiimw the tension T, on the slack or following side. 

Iq order that the periphery rf the pulley may move at the same 
rate as the undei- face of the belt, we must have sufficient tension 
on each part of the latt«r, and the co-efficient of friction between 
them must not have less than a certain value. Too great adhe- 
rion between them would result in a loss of work, for in that case 
an extra force would have to be applied solely for the piU'pOHfl of 
pulling the belt from the pulley. 

2, Take the case of one vertical pulley of diameter D, driving 
another vertiail pulley of diameter d by means of an endless belt, 
rope, or chain in the direction of 
the aiTows shown on the accom- 
panying figure. Whenever the 
pulley D is moved, the tension on 
the driving side T,( tends to 
stretch the belt on that aide, and 
this tension increases until the 
puUey d begins to move ; whereas 
the tension on the following or 

slack side, T„ is gmdually diminished untiV tbii iy&YCRca >A SW, 
» (Trf - T,) piWuces a uniform \e\cdt^ <il &b >^V. '2\ 
e the tension on the slack side muit ^;6 miSscSs^ ■«» '?^'*>" 
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vent the slipping of Lhe belt on either of the pulleys if the 
periphtiy of the driven pulley in to keep pace with the peri- 
phery of the driving one. In order that there may be a mini- 
nm chance of the belt uUpping, its dock side should always 
n /roM t/ie lop side of the driving puUe.;/. By so arranging the 
■ive, the sag of the belt on the sla^k side will cause it t-o encom- 
^ IBB a greater length of the circumferences of both pulleys. The 
motion of the belt will be eaaier, and the wear and tear of the 
bearings will be less, because there will be less total Btreie 
(T,{ + T,) tending to draw the pulleys together for the transmis- 

' a of a certain hoi-se-puwer, than if the slack side left the under 
side of the driving- pulley. Referi-iug to the previous figure, if the 
slack tiide leaves the top side of the pulley D, it grips the same 
from position 4, round the back of the pulley to 5, and the pulley 
d from 6 round to 3 ; whereas, if D were rotated in the opposite 
direction, we should have the slack side entering on it at i, and 
only gripping it as far as position 8 ; entering on d at 7, and only 
gripping it to position 2, thus having far less grip on the pulleys 
and thereby encouraging the natural tendency of the belt to slip 
on the pulleys.* 

Brake Horsa-power transmitted by Belts. 
Let . . V = Velocity of belt in feet per minute. 

„ ■ . P = {T^ — TJ the net pull causing motion in lbs. 

Then, B.H.P. = ^^=X(Tl^^Il^ 

33.0°° 33-000. 
Let . . D= Dianietef of driving pulley in feet= 2r. 
Then . wD = Ou'cumference of driving pulley in feet = 2nr. 
Iiet . n= Number of revolutions of pulley per minute. 

Then , V = jrDji-2nnt= velocity of belt (with no slip). 

And, the . . B.H.P. = '^'^='-?^^- 
33,000 33,DOo 

Example I. — A pulley 6' in diameter is driven at 100 revolu- 
tions per minute and trannmitB motion to another pulley by meuiit 
of a belt without slip. If the tension on the diiving side of lie 
belt it) izo Ills, and on the slack side 20 lbs., what is the brake 
horwe-powcr being transmitted ? 



BRAKE HOUSE-POWER TRANSMITTED BY BELTS. 



Answer. — Here r ■ 
.•.E.H.P.= 



= ioo;P = (T„- 



= 6-71 



Kx AMPLE II. — What must be the miEnber of i-evoiutiout; per 
minute of a driving pulley G' in diameter, in order that it may 
transmit 5-71 Ji.lf.P. by a belt to anothei' pulley, if the net pull 
on the belt ia 100 Iba. ? 

ANawEK. — Hei'e we have the same data to go upon as in 
Example I,, except that we are given the li.II.P. instead of the 
revolutions per minute. Theu, ti-auaposing eveiy quantity 
except jt (the revolutions per minute) to one side of the above 
equation, we have 

^^^(BJI.P.)2<33,o_oo^_5-7ij. 
2nrP" z X V> 



= 100 revolutiona. 



In preoisely the same way, if jou were given the pojver to be trans- 
mitted, the revolutions per miante, the dtiTcrcnce of teniiiuti on the two 
Bides of tlio belt, and you were asked lor the ^ameter of the paliey, the 
formula would appear tbos — 

I')x33 ,Doo 



If it 



Ui the dilference of tendon in the belt that n 
_ |B.H.P .|>33.ooo 



i asked for, then— 



(Trf-T,) = 



a-JJn 



Yon would (after arranging the formula in this waj, so as to keep the 
unknown quantity on one fiide of the equation) simpl; have lo interpolate 
the numerical values corresponding to the different symbols, and then 
cancel out the figures in numerator and denominator, in order toredaOB 
ttie long multiplication and division to a minimum, and thereby arrive at 
the result as quickly ae possible. 

Velocity Hatios in Belt Gearing. — Let two or more pulleys 
be connected by belting in the manner shown by the Accompany- 
ing figure. Then, if there hi no slipping of the belts, the circum- 



the velocity of 




ferential speeds of the pulleys will be the b 
the belts passing round them. 
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Dj = Diameters of the drivers. 
.,. ^, F, = Diumetera of the follower 
„ N„ , N„ = Number of revolutione per minute of the drive 
„ N, , Ny = Number of revolutions per minute of followers. ] 
Then, taking the first pair of pulleys, D, and F, we have- — 
Circwmfsrential speed of driver i = Circumferential speed offolloweri. 

l_-~- loth 8icl(B by jr) 



= F,Nk 



.N„ = 



A 



Or, Thejirodittt of ike diameter of \ 
the driver and its number of \ _ 
revohtiions per vnnute. I 



The j.rodt(ct of tJie dia- 
meter of the foBower 
and its nuinber of re- 
volutions per minute. 



Or, 






(1) 



i.e., The ratio of the diameters of the pulleys is in the invei'se 
ratio of their speeda or revolutions per minute. 

Ti'eating the motion of the second set of pulleys in exactly the 
same way, we bave — 
Cii'cnmferential speed, of D, = circumferential speed, of F, 

.•.^rD,NI^ = 7rFJ^fJ, 
{■i- bolb tides bj tt) 



\ 





D,N„^=F,Ny, 


O.', . 




(But llie revolat:on= 


of y, and of D^ are llie 


Or, . 


D,Nf, = F,N^ 


Consequently 


F.Np 

Nn -d7' 

■ n;' ~ D^T" 

' ~f; 




P,_ 


/{Dividing bolh na 
I and (ler-ominator 


merator) N^ D,' 



ime rosiilt by multipljing eqoallou 
Np, Nf /n, xD.\ 



Or, Speed of first d/river _ Product of diameters qf/oltoioers 

Speed of last foUower Product of diameters of drivers 

Or, . Np^ K D, X D, = Np^ x F, x F, 

i.e., Speed of Jlrstdriverxdia-\ _ {Speed of last follower x diarae- 

metera of the drivers i ~ \ lers of the Jolloi'rers. 

In the same way we may treat any number of drivers and 

followers by this general formula, — viz., 

Speed or nvmiher of reeolutiona\ /„ . ,. ,. . , /■ ti .i 

■ A j-ji j; i J ■ \Speea. of the Inst foUower y. the 

perminut^oft}teJvrstdnver\_\''i"^ J -7i„w(prs ot the 

^themiccemvedumiet^of\-\ »««^*"w diameters oj tue 

the drivers 

Precisely the same rule holds good for discs driven by contact 
friction and for wheel gearing, aa yon will find from the next 
lecture ; but in friction gearing and wheel gearing the driver and 
the follower move in different directions, whereas in belt gearing 
they move in the same or in the opposite direction according aa 
the driving belts are " open " or " crossed 

SxAUFLE III. — -Referring to the previou figure suppose that a 
driving pulley, Y)^, is connected by a belt to a loUower, F,, and 
drives the latter at loo revolutions per m uute If the diameter 
of the driver is 6' and of the follower 3 vhat will be the number 
of revolutions per minute of the fQ]lower 

By the previous formula for two puUejs, 
D, X Nj,^ = F, X Np 

.-, Np = ^' '^ -^"i = ^ "* ^°° = 200 revolutions. 
^, 3' 

Example IV, — Referring to the previous figure, suppose that 
a driving pulley D, {4' diameter), is geared to a follower, F, 
(2' in diameter), and that a second driver Dj {i' diameter), fixed 
to the same shaft aa F,, is geared to a second follower F, (i' dia- 
meter). If D makes 60 revolutions per minute, what is the speed 
ofF,? 
I By the previous formula for four pulleys, 
■ Nu X D, X Dj = Nj, X Fi X F, 

^h Fi X F, 

^^ Np^ = ^— ^- '^ ,^_1 = 480 revolutions. 
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is termed nn opcD belt. OB, nnd that the right htuid end vi^l 
shows a. crossed belt, CB. Id the cane of open belts, the drivel' 
and the follower rotate in the same dii-ectiou (fts may be seen from 
the second and third figures in this Lecture); wheieas, with 
crossed belt driving, the follower revolves in the opposite direction 
to that of the driver, just as it does when direct friction or wheel- 
gearing is used. 

Past and liOose PulloyB. — As will be seen from the two front 
views in the nest set of illiistrations, the open and the crossed 
belt.-* are shown passing from the broad driving-pulleys DP, to 
the broad loose pulleys LP. IxwRe pulleys are generally bushed 
with gun-metal, und then bored out so as to fit their shafts easily. 
This permits them to rotate withoiit turning the shaft upon which 
they bear. The pulleys, FP, are keyed hard on to the shafts, so 
that when the belt is forced over upon them by means of the 
shifting forks, SF, the machines connected with the same are set 
agoing. This simple combination of fast and loose pulleys there- 
foi'e enables a machine to be stopped or started at pleasure, without 
interfering with the motion of the driving pulley and the belt. 
In ordinary cases where there is only one driving belt required, 
the loose pulley is of the same breadth as the fixed pulley.^ 

Belt-Gearing Heveising Motions.— In many kinds of 
machine tools it is desirable to be able to drive the tool first in 
one direction and then in tho opposite direction, as well as to 
start or stop it. This is frequently effected by a combination of 
open and crossed belts with fast and loose pulleys, as illustrated 
by the accompanying figure. 

Fi'Om what has just been said about open and crossed belts, as 
well as fast and loose pulleys, the student will have no difficulty 
in understanding this arrangement of reversing gear. IE applied 
to a machine for planing metals, the shaft which is keyed to the 
fixed pulley FP woidd be connected either through wheel gearing 
and a rack, or thiwugh a centi-al screw, to the ti-avdling table of 
machine upon which the job to be acted upon is secui'ed. When- 
ever the table had been moved backwards to the end of the 
required stroke by the crossed belt, the shifting fork SF would 
be pushed forward by an outstanding arm or kicker attached to 

• See the set of figures a/ler the next, wher 
engaging tl 
" "le belt m; 

3flirable to , ^ . .. „ 

re connected. In the first trout view of the next set of figures both of tlie 
lOse piille^'B, LP, are drawn too narrow. They should ha\e been repre- 
WseDted half aa wide again, in order topTcvenV \\ie VreUa sU^png over the 
^^tside edge, \rhea the other belt is s1i\U(i4o'QViU«iSi*w\^iMv!i'j B^Msajti 
■*-' □ them. 



BELT-GEARISG RKVKKSIXG MOTIONS. IO3 

the side of the table at such a posktion as woii1<l cause the crossed 
belt CD to be shifted from the central fixed pulley to its loose one, 
and At the same time bring over the open belt from its loose puUey 
to the central fixed one. Whenever the planing tool had finished 
its cut oQ the metal, the shifting fork would be pulled backward 
by another simUar outstanding aim or kicker (also attached to 
the travelling table of the planing machine, at a position just 
beyond the end of the required stroke for the particular job iinder 
operation), thereby shifting the open l)elt OB from FP, to its loowe 
pulley, LP, and at the snme time pulling over the crossed belt, CB, 



1 




Front View. 
I and Itetum at same Speeil. Quick Retnrn, 

Belt Geabikg REVunsiNU Motions. 
Ikdex to Pabts. 

015 represents Open bolts. 
CB „ Crossed belts. 

SF „ SI lifting furks. 



Driving pnllej 
FUod pnllejB. 
Loose pullejs. 



a its loose pulley to the central fixed pulley, thus causing the 
E&Me to make the return stroke. 

The left-hand front view, with its accompanying end views, show 
the necessary arrangements when the forward and backward 
veloeitieB of the table are equal. The right-hand front view illus- 
trates the case wherein the backward or non-planing motion is 
intentionally made quicker than the forward or cutting stroke, so 
as to save time, by having the back motion fixed pulley, FP, and ita 
corresponding loose one, LP, made smaller than the forward set. 
The end views for this fatter case wouW ^le s\m\\M: \» 'sVft \tsR\WK 
aae, m'tb the exception that the crossed be\tvio\).\'S.CT^%'&%*5 a- s™»^ 
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pulley of the same ^ze ae shown by the front view. This latter 
arrangement can evidently be employed to obtain a fast oi' a slow- 
motion lit thf Bame direction, h;y simply having both belts open or 
both crossed. 

Stepped Speed Cones -with Starting and Stopping Gear. 
— In many machines, such as lathes, planers and other machine 
tool?, it is very desimble not only to be able to stai't and stop 
them, hut also to alter then si ^ei! so as to suit diffeient classes of 




Stepped Speed Cones 



t Hangingbnicki 



Parts. 

B.,B, represent Belts. 
H „ Handle. 
au „ Sliding bar. 
BV „ Shifting fork. 
W „ Weight to fii SB in 
positions 4 ^ 



work, without affecting the motion of the prime motor or that of 
the shop (Iriving-shftft. These objects ai-e geneially attained by a 
combination of fast and loose pulleys with what are termed 
"stepped speed cones." The accompanying side and end viewn 
illustrate the an-angement as usually carried out in engineering 
works. When the starting-handle, H, is turned to the riglit 
hand, it pulls over the slidiiig-har, SB, with its shifting-fork, SF, 
which moves the belt, B„ from: the loose pulley, LP, tc the tised 
one, FP ; thus setting the speed cones, SO,, 8Cj, and thereby the 



DRIVING AND FOLLOWING PULLETS. 10 J 

machine in motion. Wlien the handle is turned to the left, it 
pushes the sliding-bar and shifting -fork also in that direction, 
thus moring the belt from the fixed to the loose pulley, which 
allow tfie cones and machine to come to rest. In each case the 
weight, W, causes a notch in the sliding-bar to engage with its 
left-hand supporting bracket, thereby preventing the shifting fork 
from pushing the driving belt too far, or off either pulley, and at 
the same time ensuring that it renuains in the desired poaitiou. 
Both supporting biacketa for the sUding-bar, SB, are merely 
right-angle extensions from the hanging brackets, HB,, HB„ 
which carry the upper shaft with its cone and pulleys. 

The uppei' and lower speed cones, 80,, SC,, are geuei-ally made 
of the same sine and shape, but they are always keyed to their 
reapisctLve shafts in opposite dii-ections. Consequently, if ib 
should be desirable to run the machine fast for light work, the 
belt, B„ is shifted on to the largest pulley of the upper cone and 
the smallest one of the lower cone. If the machine is required 
to move slowly for heavy cuts, then the belt ia placed on the 
smallest upper pulley and the largest lower one. Any desired 
intermediate speed between these extremes is obtained by adjusting 
the belt on one or other of the remaining sets of pulleys of the 
upper and lower cones. 

The student can easily prove to himself {by drawing down the 
arrangement to scale) that such stepped speed cones, if connected 
by a crossed belt on one pair of its pulleys, will produce the same 
tension in the belt with any other pair.* With open belt-driving 
the tightness of the belt will not he the same when on one pair of 
the pulleys as when on another; but the difference is so small 
that it can generally be disregarded in practice without having 
i-ecoui-se to tightening or slackening the same. 

Driving and Following FulleTB in Different Flanas.— It 
is often necessary to drive a follower placed in a different plane 
From the driver. The accompanying set of illustrations show 
very clearly how this is effected. The important pi-ecaution to be 
observed is, that the leading or on-going part of the belt viust 
enter upon the follower in a Jair or direct line mlh iti plane oj 
rotation. If this rule be attended to, then power may be trans- 
nutted between two non-pai-allel shafts, as shown by the first 
figure, even if their centre lines are in planes at right angles to 
each other— I.e., when the belt ie working with quarter- twist. 
When two shafts are in planes at right angles to each other, and 

* The algebraical prool of this will be r.oaeidered in our "Advanced 
Book on Applied Mechanics." The student should refer to the general 
view and to the detail drawings of the stepped speed cones In the foot- 
driven screw-cutting lathe illastrated in Lecture XVI. 



I 




Tnllis's Thict-sided Leather 
Chain Belt, Working Quarter- 
At, Slid TraiiHtuittini; Power 
between two shafts which are 
not parallel. No Guiiie Ful- 
levB are required for thia drive. 



Flat Belt Working Quarter-t> 
Transmitting I'ower between two right- 
ant>led Rhafts, with leading Gniile Piulej 
(GF) to remove the twiaC from the Belt 
before it enters upon the Follower, and to 
give the belt more grip on the pulle;a. 




Belt Transmitting Powrr 
„ui(le I'ullcyH between M n 
-parallel Hliafla in the fi.iue 



SHAPE OF PULLKT FACE. 
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it JB Eoiind desirable to remove the twist from the belt before it 
enters upon the follower, then a guide-pulley, GP, must be used 
aa shown by the second figure. When the shafts are parallel, but 
not in the same plane, then the power must be tmusmittetl by aid 
of two guitie- pill leys, as seen from an inspection of the third 
figure. Ur, should the shafts not be parallel, but in the same 
plane, two guide-pulleys are necessary, as in the fourth figure. 
Guide-pulleys, if snppoiied by spindles running in adjustable 
bearings or brackets, may be made serviceable as tightening- 
pulleys for the purpose of taking up the slaek of the belt, and 
thus giving the necessary grip for transmitting more power with 
a steadier drive than can be obtained without them. 

Shape of Pulley Face.— The student will have observed that 
the faces or lims of the fast and loose pulleys, as well as those of 
the stepped cones in the previous set of figures, are slightly 
curved. This convex curvatui'e, or double coning, is purposely 
done in order to ensure that the belt may idde easily and fairly 
in the centre line of the pulley face without inclining to either 
side. A flat band, if plficed on the smaller end of a revolving 
straight conical pulley, will natui-ally tend to rise to the larger 
end of the cone. Consequently, if each half of the face of a 
pulley b coned (or, which amounts to the same thing, if the rim 
of the pulley be ciu^ed so as to have its largest diameter in the 
middle of its face), each half of the breadth of the belt wUl have 
an equal tendency towards the middle of the pulley's rim, "When 
very faat driving and sudden severe stresses are brought to bear 
upon a machine, as in the ease of circular saws, morticing 
machines, and emery-wheel grinders, it is found necessary to fit 
the pulleys with side flanges, in addition to curving their rima, in 
order to prevent the belts from sliding off the pulley's face to one 
side or to the other. 
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Lbctuhk XI.— Qu 

1. Ill maobinerj', where one pallej- driveiB another by means of an end. 
lest belt, there U a difference of tensioti in the two parts of the belt. Wby 
is IhU 7 llie puttey on an eoKloe shaft ia S feet in diameter, and it makes 
100 rovoluticwB per minute. The motion ia tranamitted from this puller 
to the mnin ahaft by a belt ranniDK on a pulley, and the difference in lein'm 
between the tight and slaok sidea of the belt is 115 lbs. What i» the work 
done per talQUte in overcoming the resistanoe to motion of the main ahaEtT 
(a and A. Exam. iSgi.) Atu. 1S0.550ft.-lbB. 

a. Deduce from the " principle of work " a formula for the bcake 
borne-power traniiniitted by a belt. The pull on the driving side of a belt 
la loo lbs. and on the following side roo iba., whilst the belt bos a velocity 
of 99a ft. per minute. Kind the nnmber of nnlla of work performed ill two 
mliiutes und the II.H.P. transmitt«d. .I'ls, igS.ooo fc.-lbs., 3 B.H.P. 

3. State and prove the rule for estimating the relative speeds of two 

SuTleys connected by a belt. AUo, the velooity ratio between the Snt 
river and the last follower in belt gearing, where there ore two or D 
drivers and a corresponding number of followers. [A main shaft oarr 
n pulley of 12 inthes diameter and ninuing at 60 revolutions per min 
communicates motion by a iielt to a pulley of 12 inches diameter, fixed l( 
a, ooiintorxbaft. A second pulley on the counterslmfC, of SJ inches d 
meter, carries on the motion to a revolving spindle which is keyed tc 
pulley of 4i inches diameter. Sketch Ihe arrangement and find H 
niinibor of revolutions per minute made by this hat pulley. '" -~' 
Kxam. 1891.)] Aiut. iiysi- ^ 

4. Two pulleys are connected by a driving belt, and the sum of then 
diametcra is 30 inches ; one pulley makes 1 revolutions while the othn 
makes 3 revolntions ; find their reapeotivo diameters. Am. 18", 12". 

5. An engine works normally at 106 revolutions per minute. At that 
speed it was found that it drove by belting a dynamo at 420 revolutioni 
per minute, but to show off the electric lights at their norma! candle 
power the dynamo had to be run at 460 revolutions per minute. At what 
speed was the engine belngdriven ? And, 1 16 revolutiona per minute. 

6. A pulley of j feet ra£us rotates at loo revolntions per minute and 
transmits motion to another pulley of 36 inches diameter. If there ia 
10 per cent, slip on the belt wliat will be the speed of the follower) 
What will be the net driving pull on the belt if 5 B.H.P. is transmitted by 
It 1 Alts, 1 So revolutions per micnCe ; 97.2 lbs. 

7. Sketch an arrangement of pulleys and bands for obtaininga reversing 
motion from a shaft driven at a constant ratein one direction, and describe 

8. Sketch a combination of fast and loose pulleys as used for setting In 
motion, or stoiiping machinery. Explain the construction adopted for re- 
taining a Hat belt upen a pulley, poinling out where the fork is to be 
applied, and why. "^, 

9. Sketch and describe a good form of slow forward and quick return 
for a shaping machine. 

10. Sketch and describe a^n arrangement for driving the table of a plSD- 
ing machine by means of a surew, so that the tabic may travel 51] percent. 
' ■ in the relom than in (he forward or cutting stroke. (S. and A. 
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. What is the object ol nsing guide-pullejs in macliinerj- ? Mention 
iQces of their use, and show how the directions of their ases are 
ascertained. 

12. Describe, with a sketch, the mode of reversing the motion of the 
table in planing machine, a screw being cmplojed to drive the table. 

13. What is the object of nsiDg speed pulle^sT Show their application 
in afoot lathe, and the manner in which the motion of theworkman'sfoot 
is converted into the circular motion of the mandril Sketch the arrange- 
ment. The diameter of the lai^st pulley on the crank shaft being 2 feet, 
and that of the smallest piillej on the mandril being 3 inches ; find the 
number of rotations of the mandril for each complete rotation of the crank 
shaft when these puLtcva arc connected bj a band. Ans. H revolutions. 
fS.B.— Refer to the fign'resin Lecture XVI. of the foot-driving gear for Ihe 
screw-cutting lathe, before answering this qaestion.] 
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LECTURE XII. 

C0STENT9.— Velocity Ratio of Two Friction Circular Discs— Pitcli Satfaces 
and Pitch CiroleB— Pitch of Teeth in Wheel Gearing— Rack and Piaiiia 
Velocity Ration in Wlicel Guaring — Example I. — Principle ol Work 
applied to Wlieel Gearing— Examples II. III.— Questions. 

Velocity Batio of Two Circular Friction Discs. — If two 

truly centred circular discs or cylindrical rollers, having their 
ahafta parallel to each other and free to tui-n in iixed b«irings, 
be brought into firm contact; then, if one of them be driven 
round, and if there be no slipping, the other one will rotate in 
the opposite direction with tLe same circumferential speed or 
surface yelocity (see the next figure). 

Consequently, Iheir vehdty r<Uio will be in i/ie inverse ratio lo 
their diameters. 

This may be proved in exactly the same way an we found the 
velocity ratio of two puUeya driven by a belt in Lecture XI. 

Let D, = Diameter of the driving disc. 
„ F, = Diameter of the following disc. 
„ No = Niimber of revolutions per minute of D,. 
„ Nj. = Number of revolutions per minute of F^. 

Then, The surface vdocitij of J>, = Surface velodty of F 

i.e n-D,N„.=7rF,Np 

Or, . . . D,N,_ = F,N,/ 

i.e. The Driaei-'s diameter x its speed = Follower' 8 diam' -nits »j 
N„ 
■■• N,|' 

Speed of the Driver _ Diameter of Follower 
Speed of the Follower Diameter of Driver 

This velocity ratio may also be proved in the following way :- 
Let the two circles centred at A and B represent a cross 
section of the two friction discs in contact at C ; and let them 
ove by txiiiing contact through the angles 6 and ^ respectively 
in the snizje time. 
Since the magnitude ot an a\ig\fe 'iii wvcoNsw -q^.^ssku^ is. 



rttcs sonvAcxB mo nrcH circles. 



alwiij's = (Ae leiujth of the arc subtettded by the aiiyle <d tfce centre oj 
lAe circle -i-l/ic rtullvs of l/ie circle. 




Thi 



anguliir velocity orsjjeed of driver, A_ Radius of follower B 
angularvelocityorepeedof followerB Itadiiia of driver A 



Fitch Surfaces and Fitch Circles. — In the case of the two 
diBfs oi' follei-8 jiist cOQsidered, their cylindrical sui-facss are termed 
the pitch mrfacie; and the two circles in the [irevious figure 
(which is simply a representation of their cross section, or section 
in the plane of their rotation) are called the pitcJi, circles. 

* The aagaiar vetiicily of a. rotating disc is the niii/fe described by its 
radius in unit time. 

TLe relation between angnlar velocity and linear velocity may be shown 
thus :— Let w=tiie angular velocity; -whiiat ii=lhe linear velocity ot a 
point at radius r from the centre of motion when the disc makes n revo- 
luljoos in unit time ; 

Then uxr^c ; or, u=-; but u = zirTii, 



r 
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Wheu the reaistance to motion of the foUower is great, the 
discs have to be provided with teeth in order to pi'event slipping. 

Consequently, the pitch surfaces and tlie pitch circlea of such 
toothed rollers, toothed wheels, or spur wheel and pinion, are the 
aui-faces and the circles oE their rolling contact.* 

Pitch of Teeth in Wheel G-earing. — The linear 
cireular distance from the centre of one tooth to the centre of the 
next one, or the distance from one edge of a toolh to the corre- 
sponding edge of its neighbout'ing one, as meaeiired on the piuA 
circle, is termed the pitch of the teeth of a wheel. 

Let D = Diameter of a wheel or pinion at its pitch circle. 
p = Pitch of the teeth in the wheel or pinion, 
li. = Number of teeth in the wheel or pinion. 
Then D =^ p >^ n 
For the circumference of the pitch circle must he equal to the 
pitch between any two neighbouring teeth x the number of teeth 
in the wheel or pinion ; since tlie pitch between each pair of teeth 
mnst be the same all round the pitch circle, otherwise the wheel 
would not gear properly with any other wheel or pinion of the 
same pitch. 

Back and Pinion. — If a straight bar of ii-ou be furnished with 
t«eth on one side it is called a rack. It may therefore be con- 
aidered as a wheel of infinite radii;s. When a rack has a pinion 
of the same pitch geared with it, the two form the useful combi- 
nation termed the rack and pinion. It is employed foi' moving 
to and fro the tabl^ of planing machines and large saw benches, 
as well as for elevating and lowering sluices in dams, Ac. 



he I 
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The accompanying illustrations show the second of these appli- 
cations, where two parallel rack-s are fitted to the under side of 

When a large loothed whee] gears with n small one, the larger ii> 
termed a spur-wheel and the smaller a pinion. It ie not possible in the 
apace allotted to tliis cicmentary manual to enter into the best fomeoC 
the teeth oE different kiniis of wlieel gearing. We will have to take up 
"■ subject in our " Advanced Teit Book." 
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two movable tables or platforms. Upon the upper side of one 
of the tables is laid a log of wood adjusted in the denired position 
by wedges. The tables are each carried and guided by four 
rollers turning on fixed spindles. To the projecting end of the 
pinion shaft there is fitted a lever handle, bo that by merely 
turoing this handle iu one direction, the racks, tables, and lo^ of 
wood are pushed forwai'd upon the projecting circular saw which 
revolves between the platforms, and if turned in the opposite 
direction they are drawn backwards. The pinions with their shaft 
and handle, have no linear motion, for the shaft is simply free 
to rotate in fixed bearings. 

The rack and pinion with their handle constitute a modification 
oE the wheel and axle, or lever and winch barrel, where the re- 
sistance offered by the rack and its load is overcome by a force 
applied to the handle. Eveiy revolntion of the handle turns the 
pinion, and consequently moves the rack through a linear dis- 
tance equal to the circumference of the pinion's pitch circle. 
The principles of momenta and of work can therefore be applied 
to this machine in exactly the same way as we applied them to 
the wheel and axle and the wiuch. 

»If P = Pull acting on the handles, 
B - Radius of handle, 
r = Itadius of pinion's pitch circle, 
W = Weight or resistance overcome ; 
Then . . P x zwR = W x z^rr 
P X R = W X r 



- ^ = ^ = r's velocity 
P r Ws velocity 



Theoretical advantage 

Velocity Batio in Wheel Gearing, —From what has been 
said about belt gearing, pitch surfaces, pitch circles, and pitch of 
teeth, it must be at once apparent to the student that the same 
rule which was worked out in Lecture XI., in connection with 
belt gearing, will equally apply to the case of wheel gearing, 
whei'e tliere are an equal number of drivers and followers. In 
the accompanying figui-e, where there are three drivers and three 
followera. 

Let D[, I>„ D, = Diameters of the drivers. 
„ F[, F^ F, = Diameters of the followers. 
„ Nj, . Nj. = Number of revolutions in the same time of the 
Jirat driver and the liist follower. 

Then, following tbe same reasoning as was expounded in Lectui-e 
XI. for the velocity ratio of belt gearing, wo bAve 



LKoruRE xn. 



Thn speed of the _/irs( driver >c ] 
the Buccessive diameters of L 
the drivers J 



The speed of the lasl follower 
V. the succetisive djiLmeters 
of the followers. 



The speed olfimt drLver _ Prodnct of the diametere of t he foUowera . 
Tfie^ speed o( latt follower Product of the diameters of the drivers. 
In the above equation we may aubstitute the radii, or the cir- 




SiDB View. Plan. 

Wheel Gearinq in a Triple Puechasb Winch 

cumferences, or the niimbei' of teeth in the drivers and in 
foUowers respectively, for their dinmetera ; consequently, 

Letj-p, j-jj , r-D = Radii of the respective drive 
, Oj,', 0]j , Cp = Circumferences ,, 

' ' = Number of teeth in „ 

= Radii of the respective folloi 



^ TV 

L 



Then, Np xr 
Or, Nb X C 



', Oy , Cj.' = Circumferences 
', 5i|.', n/ =Number of teeth in 






. _ - . N3, X »£, X Til, X no = Np X Wp X jip x Mp^ 

Example I.— Three drivers of 10, 20, and 30 teeth each, gear 

respectively with three followers of 40, 80, and 120 teeth each. 

Ascertain the velocity ratio between the first driver and the last 

follower. 

By the above formula — ■ 

Np X Koi X Kjj X jij) = Nji X ?ip X Mp X Jip ; 



Interpolating the corre-'\ 

spending numerical VSj, _4ox8oxi20 4x4x4 64 
values for the lettei-s, f Jfl' ~ in x 20 x lo ^ i ~ 1 
^eget J '" 

Principle of Work applied to Wheel- gearing. — Referring 
to the previous figm-e, it is perfectly evident from the former 
apphcations to other machines of the " principle of work," that, 
'Mylecting friction, the force applied (to the handles of the 
machine) x the distance through which it acts, will be equal to the 
weight raised x the distance through which it is elevated. 
Ijet P = Push appUed to the handles in lbs. 

R = Radius or leverage at which P acts. 
"W = Weight raised by the I'ope on the barrel B. 
r = Radius or leverage -with which W acts. 
„ D„ D, = Diameters of the driving wheels. 
',, P„ Fj = Diameters of the foUowing wheels. 

Nd = Number of revolutions of the^ra( driver, D^, or of 
' the handles, H. 

„ Nj, = Number of revolutions in t!ie same time ot the last 

' follower, Fj, or of the barrel,' B. 

»Then, by the principle of work and neglecting friction — 
P X its distance * = W x its distance. 
; 



I ( -7- both sides of the equation by zir) 
■. PxRxNc=WxrxN, 



Or, 



Wxr 



• It IB evident that in order to obtain the discanoe throDgh wiiioh P 
acts, we must multiply the circumference of the circle described bj tha 
bandies b; tbc number of revolutions they make ; and in the same way 
the ciraumfereDoe of the barrel must be mulUpUed \)-5 \,\\b le^oYvJXiscA 
which it makes la the same time. In ordei to get ^'a 4\ala"n.Gfc. 



But by the previo 



1 eqiuLtion for velocity ratioc, 
N, D, X D, X D, 



PxR 0,xD,xD, 



Or, PxRxFjxF,xF,= WxrxDjXD,xD, 

Hence the genenU rule /or work done in w/ifel-i/fariru/ P x iti 
Im'enilje x all the dinmetera (or radii, or cirou inferences, or niimbet 
of teeth) of the/oUowerg = W x its leverivje xnU t/ie diaiMtert (or 
radii, or circumferences, or number of teeth) of the drivers. 

Example II, — If four men exert a constitnt Force of 15 lbs. 
each on the htindleB uf a coaapound crab or winch (such ns that 
illustrated by the previous figure), and if the leverage of the 
handleH is 15", wliildt the weight to be raised acta on the barrd 
r drum at a levei-age of 5", what load will they lift if the 
espoctive diameters of the dTJvers are 1 2", 20", and 20"; and 
of the followers, 36", 80" and 100", neglecting friction ? 

^jwiow.— In thiH case, P = 4x 15 = 60 Ibn. ; Il=-i5"; r = 5"; 
3,= i2"; r>, = 2o"; D,= 2o"; F, = 36"; F, = 8o^ and F, = 100". 

By the above formula and by interpolating the correnponding 
numerical valiiefl we liave— 

X R X F, X F, X F, = W X r X D, X D, X D, 

0"=WX5"XI2"X20"X20" 



i5"x36"x 



. W = 



60 > 



»o X im 



:3gx2px g0 
Or, . . W = 6ox3X3X4x5 = 10,800 Iba. 

EsAMPLE III. — If 40 % of the force applied to the handles be 
absorbed in overcoming internal friction in the above example of 
what weight can then be raised by the foui' men, each 
acting, as befoi*, with a constant force of 1 5 Iba, ? 

Answee. — If 40 % of the applied force be lost in ovei-coming 
friction, then only 60 % is left for eiFective work, or the efficiency 
T modulus of the machine is said to be o-G.* 



Consequently, 



:6o: 



lbs. 



10,800 lbs. ; 



iSCttJBB xn, — qnEsnoNB. 



Lecture XII.- 



i. When two circalar diBCB with fixed . . 
roll nniformly together, stale and prove tlie rule for estimating their 
relative speeds of rotation. 

2. Define the pitch circle of a toothed wheel. When two pitch circles, 
A and B, of diameters z and 3 respectively, roll together, prove that tlie 
angnlar velocity of A is to that of B be 3 to 2. Three spur wheels. A, B, C, 
with parallel axeii, are in gear. A has is teeth, B has 32 teeth, and C has 
42 teeth. How many turns will A make upon its axis while C goes ronncl 
8 timesJ Why is B termed an idle wheel J (S. and A. Exam. 18SS.) 
Ahs. 42 turns. 

3. What is thepilck of a tooth in a spur wheel 7 Two parallel shafts, 
whose axes are to be as nearly aa poEsihle 2 feet t> inches apart, are lo be 
connected hy a pair of spur wheels, so that while the driver runs at 100 
revolutions per minnte, the follower is required to run at only 25 revela- 
tions per joiaute. Sketch the arrangement, and mark on each wheel Its 
diameter and the numher of teeth, supposing the pitch of a tooth to be 
I j inch. (S. and A. Exam. 1890.) 

Am. The dHver is 4S inches diameter with 120 teeth. 
The follower is 12 „ „ 30 „ 

4. Define the "pitch surface" and the "pitch circle'' of a toothed 
wheel. Two parallel axes are at a distance of 10 inches, and they are to 
rotate with velocities as the numbers 2 and 3 respectively. What should 
be the diameters of the pitch circles of a pair of wheels which would g' 
the required motion, and what might b« the numbers of teeth on I 
wheels'! Aiie. 12 inches and S incheti. 

5. Sketch and describe the " rack autl ptniuii," and give instances from 
personal observation of its application. A pinion of 3' 2" diameter has 
teeth of i" pitch, and gears with a straight rack applied to a sluice gate. 
If the weight of the sluice and rack be loa lbs, and the lever handle 
describes a circle of 40-2" in each turn, what force must be applied to t' ' 
handle to lift the gate 1 How many feet will the sluice be lifted by s 
turns of the handle. Ana. 25 lbs. ; 5 ft. 

6. Sketch the arrangement known as the rack and pinion. Apply the 
'* principle of moments " and the " principle of work " to find the relation 
between the force applied and the weight raised by aid of this machine. 
A pinion baa sixteen teeth of g-inch pitch in gear with a rack. If the 
pinion makes ^J tarns, through what distance has the rack been moved I 
If the pinion is turned by a handle 14 inches long, and with a force of 
35 lbs. applied to the handle, find the force with which the rack Is urged 
forward. Am. 49 inches ; 220 lbs. 

7. Deduce the formnla for the velocity ratio in wheel gearing where there 
are three drivers and three followers, and state the rule derived therefrom 
in general terms. Three drivers of 20, 30 and 40 teeth respectively gi 
with three followers of 40, 60 and So teeth. If the first driver makes 1 
revolutions, bow many revolutions will tlie last follower make? Aiia, 1 

8. In the previous qnestion, if the handles attached to the first driver 
have each a radius of 15', and the dntm connected to the last follower be 15" 
diameter, what force must he applied to the handles in order that they 
may lift iizo lbs., supposing that the efficiency of the machine is 70 per 
cent. 7 Am. 100 lbs. 

9. The hour and minute hands of a clock aire 
sod die Iioue hand takes its motion from the n 
train of wbeels tor connecting the two haadE, 



I 



LECTURE XIII. 

CosTESTS. — Single-pvirchase Winch or Crab— Esainple I.— Doable-p 
chaac Winch or Crab — Esample II. — Wheel Gearing in Jib-Cranes— 
Qaestlous. 

In this Lecture we will apply the principles and formalfe dis- 
cussed in the previous one to a few practical applications of 
gearing in machines for lifting weights. 

Single -purohaBe Winch or Crab. — The compai-atively sniaJl 
working advantage of the simple hand-driven wheel and axle or 







SiNGLE-PuncHABB Winch or Ckab. 
Bj Messrs. Loudon Bros., Glasgow. 



Iiatiillc und winch barrel (iVlusl.rateAiii'Vftcl.wce'M >)'cwi4ftTs,\ti'(ifi 
'" lifting grea,teT weights than one or two \i>\n4EBiw«v^'s., ^ 
" -tly, whenever heavier loaAs Wvo to \ift Ta:\sft&.\i-i -msissai. 



a-E-PmiCIIASB WINCH Oli CEAIi, iig 

labour, oae of tlie most useful inacliinGs that can be employed is 
the Bmi;le-purchase crab. As will be seen from the accompanying 
perspective view, this machine consists of a pair of lever handles 
fitted to the squared ends of ii round shaft carrying a pinion. 
This pinion geara with a spur-wheel keyed to a lower shaft, upon 
which is also fixed a drum or baii-el. To a hook or eye on the 
inside neck of the left-hand flange of this barrel the rope or chain 
{to be connected to the load) is attached. Therefore, the turning 
of the handles causes the barrel to rotate and wind tbe rope upon 
it, thereby elevating the load. Both shafts turn in bearings 
bored in the cast-iron end standards or A frames. These frames 
are bound tightly together and kept at a fixed distance apart by 
three wrought-iron collai-ed stays, secured on the outside by screw 
nuts. To the outside right-hand end of the barrel shaft there ia 
keyed a friction pulley acted on by a steel brake-strap, for the 
purpose of enabling the iabourei'a to lower a load gently or 
quickly without enduring the stress and danger of pulling back 
on the handles. In fact, after applying the brake-strap by its 
outstanding handle, they can lift the claw pawl which is hinged on 
the top stay (and which keeps the pinion in gear with the spur- 
wheel when in the position shown on the figure) and by pidling 
the upper shaft to the right, disengage the pinion from its wheel. 
Then, by adjusting the pawl into the other groove of this shaft, 
they are free to lower the load by the brake without having the 
handles flying round. Between the right hand flange of the 
barrel and its neighbouring A frame there is a ratchet-wheel {not 
seen on the figure). This ratchet-wheel is generally cast along 
with the ban-el. Its pawl, which is hinged to the inner side of 
the standard, ain therefore be dropped down so as to engage 
with a tooth of the stop-wheel, whenever it is necessary to cease 
heaving up a heavy weight; thereby preventing the machine 
overhauling, and giving the labourei'a freedom to leave the handles 
and attend to other duties. 

Example I. — In a single-purchase crab the lever handles are each 
16" long, the diameter of the barrel is 8"; the pinion or driver 
has 12 teeth, and the wheel or follower 60 teeth. If two men 
apply a constant force of 20 lbs. each to the handles, and are just 
able to raise a weight of 400 lbs. to a height of 20 feet in two 
minutes, find — (1) the theoretical advantage; (2) the working 
advantage; {3) the work put in for every foot the weight is 
lifted ; (4) the work got out for every foot the weight is lifted ; 
(5) the efficiency ; (6) the percentage efliciency of the machine; 
{7) the H.P. developed by the two men. 

Anairer". — JSe/eri'jng to tbe iiota,tion in WS. "l«iiA.Mse,'«'i>^is."** 
J'=^x^o Jfcs-.=4oII)fl.; K = i6"; r = ^'; n^=1.^\ji'i^ ~*" 
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teeth ; W^ = the tlieoieLiciil weight that would be ralBed if th 
were no friction ; W^ = 400 Ibw, (the actual weight raised) ; h - 
feet. 



(i) Theoretical adviintafje = ^p- 

By the principle of work (^neglecting fnction.) 
F X by its distance* = W^ x its distance,* 
P X 27rR X ny = "W-r x sjrt* x jij, 
Px R xwi, = WtX r x jid 

' r >: Mb 
(Interpolating Ihe above numerical valnes we get) 

'^'^ = 40x4x5 = 800 IbB. 



\ 
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_20^ 
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(a) Working advantage 


~ p 


60c 



40 lbs. 1 

(3) I^VA pitt in f&r everi/ foot W* is raised. From equation 
(i) we see that for every foot W^ b raised P must have gone 

through 20 feet, since the velocity ratio is — ■ 

.-. Px2o= 40 lbs.xzo = 800 ft.-lbs. 

(4) Work got out/or &eeryfoot W* is raised 

= "W4X i' = 6oo lbs. X i' = 800ft.-lbs. 
, . _, _ , Work got out 600 ft. -lbs. 

(5) OT« etk^^a . ^sf^JlrtC - 8ooft-lb.. -" 

(6) 77ie percentage ejicienci/ =-75 x 100 = 75% 

(7) The II.P. devel^ed hj tl.e two u^n = ^"^"'^ '"'33°^ ^- °'''"'*° 

8000 ft.-lbs. 1 ^ „ I . , 

r = of ft no37se-power per man. 

LB evident tliat— 
F X I turn of handles Nnmb«r of teeth In the driver 
Wtx [ turn of barrel~Number of teeth in Cbo foUower. 



DOUBLE-rUECaASS WTSCa OR CRAB. 



EDonble-pTirchase Winch or Crab. — It wfl] be ohservi-d, 6 
inspectioDof tiieaccoispaaviiigpbotQ^rapbic viewof k" Double- 
purchase Crab," that the chief difference between it and the angle- 
purchase one is, that it has another pinion and wheel, with a view 
of iacrea-siug the velocity ratio or working advantage, and thus 
eoabling the same manual force to lift a greater load, although 
by taking a. longer time. It is also latter, heavier, and stronger. 




Loudon Bros,, Glasgow, 



As will be seen from the figure, it inay be used bs a aingle-purchnKe 
wiiich by simply lifting the claw-pawl hinged on the top stay, uiid 
pushing the handle shaft forward until its left-hand pinion gears 
with the large spur wheel, and then letting the pnwl drop on to 
bearing to the right hand of the two collars on thw Nlmft. I!y so 
doing, the right-hand pinion or fii-st driver (when in double-pur* 
chose gear) in freed from the first foWower, n.aii.Niw\.\\ ss.ie.\tiaKlwi» J 
during the time it ia used in ^ugle ^\irc.W»e,\>M.V. yiva t 



^V driver is still in gear and is turned round by the spur wheyl. The 
^" brake strap pulley is keyed to the second shiift (carrying the fii'st 
follower and second driver), and can be used tor lowering the load 
without the handles coming into action (aa described in the pre- 
fious case) by placing the claw-pawl between the two collars in the 
first motion shaft. When the pawl is in this position, both of the 
pinioHH on this shaft are out of g'eap. The machine may be locked 
and the load left suspended by dropping the ratchet into the 
i^tchet-wheel cast on the right-hand end of the barrel in the same 
way as with the single-purchase crab. A triple-purchase winch 
was illustrated in Lecture XII., and the student should again 
refer to the plan and the side elevation of its gearing. 

Example II, — Four men exert a force of 20 lbs. each, on the 
handles of a double-purchase crab, which are 15" long. The 
driving pinions have 12 teeth each, the followers 24 and 48 teeth 
respectively, and the diametei' of the barrel is 10". Find the 
weight that can be raised if 25 per cent, of the work put in be 
absorbed in overcoming friction. 

Answer. — Here P = 4>!2o = 8o lbs. ; R = 1 5" ; jin = 1 2 ; )ii> = 

By the formula deduced in the previous lecture from the 
principle of work (neglecting friction), 

P X II X Wp X jip = Wj X )■ X Mb X )tp 
So X a? X «/ X i$ - Wr X 3 X is'xiS 
■3 2 -i 
Cancelling, 

80X3X 2X 4 = "Wi= 1920 lbs. 
Jf 1920 lbs. of work be exjiended by the men and 25 pei' cent, 
of this be lost work, there I'emains 75 per cent, as useful work. 
Or, . . 100 : 75 :: 1920 lbs. : WV 
Weight actually raised = W^ = 1440 lbs. 

Wheel Gearing in Jib Cranes. — In Lectui'c VIII, the side 
view of a jib crane was given for the purpose of exemplifying the 
stresses on the jib, tie- rods, and central pillar. We now illustrate 
a swing jib crane on a bogie and rails, to show that the frame- 
work and lifting gear are simply those of an inverted double- 
purchase crab with the toothed wheels placed outside the standards 
instead of inside aa in the ordinary winch. The snatch block 
pulley (previously referred to in Lecture "VII.), to the hook of 
fc which the load is attached, doubles the theoretical purchase or 
W advantage of the winch geai-ing, and therefore one, two or more 
^^^ea can Jift nearly double the- ■we\^t Vj vi4 «A \X!i& ™si?gle 
^^tUition to tie machine. Large cvatieB ol ^XSs ieaccvVC-iwi wia 
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Biipporting 1>0!W, with which is genrcd a bevel pinion, actuated 
aid [)f B, lever hajiille. 

In order to prevent the whole mncfaine being capsized by a 
lieavy load, there ia a back balance weight, and furthcT the bogie 
wheeia can be clamped to the rails. The back balance weight also 
tends to cancel the severe right angle eti-ese on the central pillar 
which was specially taken notice of in Lecture Till. We will 
defer the description of heavy steam power cranes, tripods and 
shear legs to our Advanced CouRie. 



it^ 
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Lectube XIII,— Questions, 

1. Where whoelwork is eni|iloyed to tnodify motion, as in a crano, or In 
the double-geared hcadstock of a lathe, how ia the cbaoge of itiotiOQ 
calcalated 7 Writo down the formala employed. 

2. Draw to scale a side elevation and end view of a single purchase cmb, 
and describe the same by aid of aii "index to parts," Apply the principle 
o( work in solving the following question : — The lever handle of a crnb is 
three times the diameter of the druia,and thenheelwork consists of a pillion 
of l6 teeth driving a wheel of 8a teeth ; what weight will be Tirted by a 
force of 30 lt>3. acting at the end of the lever handle J Ann, 450 lbs. 

3. Describe, with a freehand sketch, a single purchase lifting crab. The 
leverage of the handle of the crab is [G in., and there is a pinion of 20 teeth 
driving a wheel of 100 teeth, the diameter of the barrel being 8 in. Assign 
the relative proportioDB of the working parts, and estimate the theoretical 
advantage. What weight would be raised by a man eierting a force of 

15 lbs. on the lever handle, neglecting friction I -Ins. 300 lbs. 

4. A weight of 4 cwt. is raised by s rope which passes round a drum 
3 feet in diameter, having on its ebait a toothed wheel also 3 feet In 
diameter, A pinion, 8 inches in diameter, and driven by a winch-handle 

16 inches long, gears with the wheel. Find the force to bo applied to the 
winch-handle in order to raise the weight. Ans, 112 lbs. 

5. In a lifting crab the lever handle ia 14 inches long, the diameter of the 
drum is 6 inches, and the wheel and pinion have 57 and 1 1 teeth respect - 
ively. Find the weight in poonda which could be raised by a force of 50 
Iba, applied to the lever handle, friction being neglected. Aiit. 12081$ lbs, 

6. In a crane there is a train of wheelwork, the Hrst pinion being driven 
by a lever handle ; and the last wheel being on the same axis as tlio chain 
barrel of the crane. The wheelwork consista of a pinion of 11 gearing 
with a wheel of 92, and of a pinion of 12 gearing with a wheel of 72, the 
diameter of the barrel being 18 incfaes and that of the circle described by 
the end of the lever handle being 36 inches ; find the ratio of the pull to 
the weight raised, friction being n^lected. Ann. 11 ; 1104. 

7. In a 30-ton crane the tension of the ch^n as it runs on the winding 
barrel is 7i tons, the barrel is 2 feet in effective diameter, and the spur 
wheel connected with it ia 4 teet in diameter on the pitch line; what 
pressure will come upon the teeth of the spur wheel, supposing such 
pressure to act on the pitch line) friction is neglected) ? {8, andA. Exam,, 
1889,) J«(,. 3-75 tons. 

S. The crank of an engine is 2' ]oBg, and the diameter of the fly-wheel 
is Id' ; also the fly-wheel has teeth on its rim, and drives a pinion 3' in 
diameter. If the mean pressure on the crank pin be 7^ tons, what is 
the mean driving pressure on the teeth of the pinion ? Ann. 3 tons. 

9. Draw to scale a side elevation, end view and plan of a doulile purchase 
crab, and describe the same by aid of an " index to parts." If font men 
each exert a constant force of i J lbs. on the handles of sach a cmb ; if the 
handles have a leven^ of 16 inches whilst the barrel is 16 inches diameter, 
andif thedrivcrs have 12 teeth each while the followers have 24 and 60 teeth 
respectively ; flnd the weight which tbej could balance neglecting 
friction. If 30 per cent, of the work put in, be taken ap in overcoming 
friction, what load can they lift? Slate (i) theoretical advantage; 
(2) working advantage; (j) work put in when lifting llie load 1 foot; 
(4) the work got out; (5) the percentage efficiency; (6) the hei(;ht 
through which they woald lift the load in I minute if each man de- 
velop^ i H.P. Ane. 1200 lbs, : 840 lbs. ; [l» 20; I ; (2) 14 : I ; (J) iioo 
ft. -lbs. : (4) 840 ft. -lbs., (5) 70 per cent,', ift) IJT^U. 
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CONTBNTB.— Screws— The Spiral, Helix, or Idea] Line of a Screw Thr»M 
— The Screw viewed aa an Inclined Plane— Characteristics and Con- " 
ditionB to be FnlfiUed by Screw Threads— Different Forms ot Screw 
Threads— Whit worth's V- Threads— Whit worth 'a Tables ot Slandard 
V-Threada, Nuta and Bolt Heads- Seller's V-Thrend- The Square 
Thread— The Ronnded Thread— The Buttrefis Thread— Right and 
Left-hand Screws— The Screw Coupling for Railway Carriages- 
Single, Donbie and Treble Threaded Screws- Backlash in Wheel and 
Screw Gearings— Questions. 

BorewB. — Every one is more or leSH familiar with the form and 
naes of the screw nail for securing pieces of wood together, and of 
the bolt with ita nut for fixing metal plates in position ; but every 
one is not so familiar with the principle iipon which screws are 
generated and act, or with the best shape to be given to a Ecrew 
under different circumstances. We shall therefore endeavour 
in this Lecture to explain these points in an elementary manner, 
instancing a few examples of the practical applications of screws:, 
but reserving for the following Lecture questions on the work 
done by screws and their efficiency. 

The Spiral, Helix, or Ideal Line of 8 Screw Thread.— 
A very good idea of the form of a, screw is ohtjiined froni the accom- 
panying ligure, which lepresents one means of e]e\ating or trans- 
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ferring grain, flour or other powdered substances from one part 
of & milling worka to another. It consists of a steel band twisted 
around a cylindrical shaft in a continuous and uniformly pitched 
spiral. This shaft and screw are placed in a trough, tube or 
pipe. The grain or powdered ewtetance is fed in at one end 
' the pipe, and by rotating the screw ■flVfka.'flVft^aiXfe-^^-? 'iiKd 
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to one end of the shaft, the loose material is gradually pressed 
forward until it reaches the other end, from which it may be 
dropped into sacks or put through another process. It is evident 
from an inspection of the figure that tis the ecrew is turned round 
by the levei', the particles of matter are forced tdmig the/uee of 
the continuous inelhied plane formed by the spiral steel band. 

Theprinciple upon which the acreio acts ie, therefore, a cmiibinativn 
of the principlea of the inclined plane and the lever. 

To bring this view oE the case still more forcibly before the 
itiident, take a cylinder and fix along the side thereof pai'allel to 
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Screw Thread on a Cylindeh. 

(its axis (by gum or drawing pina) a rectangle, ACDE, of paper 
or white cloth, having its sides, AC and DE exactly equal to the 
circumference of the cylinder. Then, when the envelope ia wound 
round the cylinder by the turning of the handle, H (in the direction 
shown by the aiTow at P), it exactly covers its cylindrical aui'face. 
On the outside of this rectangle when unfolded, draw any con- 
venient number of parallel inclined black lines, AB, &c., equi' 
distant from each other as shown by the figure, and again wrap 
it round the cylinder. These lines will be found to form a 
tinuoua spiral, helix, or screw-thread line from one end of the 
cylinder to the other. And the side AC of the light-angled 
triangle ACB forms the exrcunifereiKe, BC the pitch, AB the 
length of the thread (for one complete turn of the cylinder), and 
the angle BAG is the inelinalion or angle of the screw. 

The Screw Viewed as an Inclined Plane. — Take another 
cylinder having an evenly pitched screw-thread line (lw.'Ku\i^iw\ 
it. Cut a sheet of Sexible eai-dboard mUi \,he iorm tA a. Y\^t&.- ^ 
angled triangle with its height BC or h <u\»a>i to ^>« p>**^ "s** " 
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ttince between two conseoiitivo threnda when measiu'sd pai'iillel 
to the axis of the cylinder) ; AC or b equal to tlie eircum/eri 
of the screw and wrap it round the cylinder, taking eare to k 
BG parallel to the axis. Then the hypothenuse AB or length'? 
of the inclined plane will coincide with the contour of the » 
thread for one complete turn, and BAG oi', a, ia the ani/le of ti 
thread to the plane at right angles to the axis of the cylinder. " 

Now conceive this screw-thread iustead of being a. mere 
to be an inclined plane of known breadth, as in the case o 
grain elovatoi'.* Let the total weight of matflrial being i 
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forward or upwards by the turning of the screw be W lbs., and 

let the resistance due to this load be uniformly distributed along 

the screw thread or inclined plane. Then, comparing the first and 

the third figures, it is evident that any small portion of the load 

having a weight W, Iba. wUI have a corresponding reaction R, lbs., 

and will require a part Pj lbs, (of the total force, P, applied to 

turn the screw at the radius at which this portion is situated) to 

move it along the screw-plane against the frictional resistance F,. 

Imagine the work done to be transferred to the inclined plane, 

AB, then any portion of the load having a weight W, lbs, will 

have a corresponding reaction B, lbs., and will require a pai't 

F^ lbs. (of the total foi^e, F, applied parallel to the base to pull 

the whole load up the inclined plane) to move it along the plaD« 

against the frictional resistance F,. Now, these forces act in 

identically the same way as the second case of the inclined plane, 

which wns discussed in Lecture IX,, consequently — 

W, : P, : B ■ : AC : CE : AB 

W, : P, : R, : : AC : CB : AB 

.■. W : P ; R ■. : I : h : I 
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, J P _ t- B _ height _ A _ pitch of thi'ead 

W A (j base b circmnfereace of acfew. 

We therefore see that a screw may be treated lis an iuclined 
plane where the force turning the sci'ew — i.e., overcoming the 
I'esistance to motion-^acts parallel to the base of the ini-line. The 
same reitsoning may be applied to any screw turning in a nut or 
to a rut tiiming on a, screw. 

Charaotgristics of and Conditions to be Fulfilled by 
Screw Threads, — The essential characteristics of a sci'ew-thread 
are its pitch, depth, and form. 

The principal conditions to be fiiltiUed by a screw-thread are : 
(i) efficiency; (z) strength; (3) durability. 

(i) The efftctertey depends on the pitch and the fiiction, and 
hence on the pitch and form of thread. 

(a) The strength depends upon tie form or the shearing thick- 
ness and depth, or area of the cross section parallel to the axis, 

(3) The durability depends chiefly on the depth^that is, upon 
the extent of bearing smface. 

Different Forms of Screw Threads. — Sir Joseph Whitworth, 
the famous tool and gun man u fact uier, was so impressed with 
the great inconvenience and loss of money which ai-ose from the 
iise of different pitches and forms of threails for Bcrewa and nnta, 
that he published the following ta.fales giving the dimensions of 
wlwt has now become known as the Whitworth standard. Prior 
to 1841, the year in which Whitworth proposed the adoption of 
standai-d sizes for screws, and for several years afterwards, differ- 
ent engineering works in this country not only used different 
pitches for screws of the same diameter, but it was no uncommon 
thing to find a want of uniformity in the same shop. Now, 
every one in Great Britain and her colonies uses the Whitworth 
standai-d sizes for V-thi-eaded holts and nuts of |-inch and upwards, 
and the British Association standai'd for smaller screwsin electrical 
and philosophical instruments. 

Whitworth's V Thread.* — The following iigiires of a. Whit- 
worth thi'ead and nut, together with the tables, will sei've to 
give full information regaining the number of thi'eads per inch 
for different diameters of acrew-bolts, nuts and holt-heads, &c. 

The angle between opposite aides of the threads and of the 
intervening spaces is 55°. One-sixth of the depth of the thread 
is rounded off at both the top and the bottom for the purpose of 
preventing a sharp nick at the bottom (which woul 1 weaken a 

• For a description of Whitworth' s sciew-laps, ^\H\.ea, fe\nt't», toe» -mA. 
oambs, see ■Mrortshop Applinnces '' bv ProlBBao\a\ie\\«3. kQa.^t« aViois 
oflbeS.A.StandatdforSruan ScrewB,'3eeMT»raQ 0iii3»sQ\e»CiT;a'?X«Q«v'^ 
Rales and Tables, 9th ed., p. 70, 
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Whttwobth's Btandabd for Screws wjth Angulah Thueads 
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bolt or a nut), us well aa for ease in manufacturing them, siuca it 
wouli) be practically impowdble to maintain such perfectly sharp 
■ a the stocks ami dies or in the combing tools with whicL 
snch bolts and nuts are generally sci'ewed. Besides, it would be 
most inconvenient to handle such sharp-pointed acrewa if (hey had 
edges tapering right off to 55", and, moreover, it would seiTe no 
useful purpose, for such a thiu edge cannot materially add to the 
strength of a screw-thread. 

The Whitworth thi-ead is stit>uger than any othei', except that 
of the buttress one, since its tliicknesa at the bottom of the thread 
is neai-ly equal to the pitch of the screw. The compression or 
grip is considerably greater than with the squai'e thread, because 
the pitch is only half as much for the same size of bolt. The 
efficiency of the Whitworth V-thread as a means of transmitting 
motion is, however, smaJl, since the reaction being at right angleii 
to the face of the thread, a large pai-t of the foi'ce employed in 
turning the screw is expended in tending to burst the enveloping 
nut. This very inefficiency, howevei', adds to ita utility as a 
binder for all kinds of machineiy, since a pi-operly fitted nut when 
once screwed down, will not run back or overliaul, unless the pitch 
be very gi-eat and the threads be well oiled. 

BeUer'a V- Thread .—In the United States of America, Seller's 
V-thread is used. It differs fi-om the 
Whitwoi-th V-thread in that the angle 
between the opposite sides of the thread 
and between the spaces ia 60° instead 
of 55°, also the depth is induced by a 
shaip Hat top and bottom, equal to one- 
eighth of the pitch, instead of being 
rounded. This ia rather a curious 
divergence from the usual American practice, where almost eveiy 
other part of their excellent mechine tools are beautifully rounded 
ofi'by symmetrical curves. 

The Square Thread — Since the bearing surface in this 
thi'ciid is very nfiu'ly at rif-lit angles to the direction of pressuw 
and i-esistance it is much uNcd for transmitting motion. Of tJto 
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force applied to tiim this screw tlipre is only a small percentagB 
dissipated in tending to burst the nut ; eonsequeutly, its efiiciency 
is greater than that of the V-thread. As will be seen from the 
4icconipanyiiig figure, the thickness of the thread and the width of 
the gpace are Dude equal, in single- threaded screws, therefore the 
shearing thickness is greatly reduced, and consequently its strength 
ifl less than the V-thi'ead. The dumbility is, however, greater 
than in any othei form of wiew, for there is a larger bearing sur- 
face pi-esented in the be^t m inner to reiiat pressure 

The Bounded Thread — Ihia form m simply a modification 
of the sfjuarB thiead, in order to facilitate the quick engaging and 



disengaging of a leading ujoLiou licvi by its nut in machine 
tools, or where a screw has to be subjected to lough usage. Its 
efficiency and durahihty are less than the '.quare thread, but its 
strength is mucli greater, since the shearing thickness is greatly 
increased by the fillets .it the bottoms of the thiead. 

The Buttresa Thread.^In such caEes as the raising and 
lowering of hea\-y guns for the purposes of sighting and loading 
them, where the pressui'es are always 
ill one dii'eotion, then this form of «-- p — h 

thread is adopted, because ita sti-ength 
is a masiinum, the loss due to friction 
is a minimum, and there is very little 
tendency to burst the n it Ihe 
efficiency is quite equil to thit of the 
squai-e thread, although the diuibihty Butt'!es5 threap. 

is lessened by the fact that a certun 

amount of wear would dimmish the depth of the thread. The 
strength is, however, nearl> double su ce the shearing thick- 
ness is double. It therefore j osse-^ses the idvantages of the V 
and the square thread wheie jieosuies h\ve to be applied in one 
direction. 

A alight modification cf the buttress tl lead is used for rag- 
bolts. These bolts take a \eij film hold of any material vata 
which the^ can be screwed. ConBec^UBHtX^ , ftwiy ftte ■■Mbi. \.<3c 
screwing thick planks of wood togetlier, a-ndVimiin^ io'^-B-^VsB-'St 
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ciii'pontoi'K anil erectors of light scaffolding, and i 
called holding-down bolts. 

Bight- and Iieft-hand Screws. — A right-liand screw, when 
being turned forward or into a nut, rotates in a light-hnnded 
way or in the direction of motion of the hands of a watch, whereas 




;d Screw Right Hande 

t-band screw moves in the opposite or left-handed direction, 
hown by the direction of the circular arrows in tlie above 

very good 




SCREW-COUPr,ISG FOli KAIL WAY CARRIAGES. IJS 

exnmple of tho use of right- and left-htind screws. When, two 
cariiagea are brought together, the free litilt hanging from tho 
, hook of one of them is placed on the hook of the other one. The 
porter then turns the central lever hy rotating the ball in a oircte, 
thereby screwing Iwth the right- and the leEt-hanil screws into 
their respective nute, which consequently draws the hooks toward 
each other, and couples the carriages tightly together. 

ExAMPLE.^If the pitch of eiich screw is ^", the length of the 
lever arm or distance from the axis of the screw to the centre of 
the ball is 14" ; and if the railway porter pulls the ball with a 
force of 40 lbs. when the carriages- are brought tightly together, 
whttt will be the tension on the screw threads ! 

Answer. — Here p=^"; !>- sttB, — sx — x 1 4" = 88" ; P = 40 lbs. 

The formula for the ratio of P to W in the case of a single 
screw given in this Lecture is 



I 
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w l' p 

- =7040 Iba. 



-^^ 

But there are two screws, and for every complete turn made by 
P, the stress W would be moved through twice the pitcii of one 
screw or through z x J"= i", 

_ P X 6 40 X 88 
... w = - = ^^^^^=3520 lbs. 

2J) I 

Note. — We maj answer this question directly from the " I'rrncijiU of 
SVork." Students ehould be trained to work out each question from firit 
principlei ratliet than from fonnulie ; for, by a too free nse of formulte tUny 
are apt to lose sight of principLes, 

Let the lever make one complete tarn, then eadi nut will adrance along 
Its own screw a distance e5«oI(o(7iej)i"(cA. Therefore the two nuts, and con 
sequenlly the two carriageB, will be brought nearer by a distance equal ti 
tivice the pitch, or, =2 xp. 

Bjl tlie principle of aark, and neghcilag friclion — 
Work got out = Work pat in 

Or, . . Wxa;i = Px2jrR 

...... W = ^^-^^' 

Or, . . . W = ^''^_^''^'^'/'*'' = 3520 lbs. 

Single, Double, and Treble-thrended Screws. — As has been 
previously stated, both the efficiency and the forward distance 
traversed in a single turn of a screw are directly as the ptch q£ 
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tlie tliread, but the Btrength is proportional to tho area of its cross 
section. Now, if foi' any purpose requiring a, rapid movement of 
the nut or of a perew, the pitch must be increased ; and if the 
screw consisted of a single- threaded sqimre one, vhei-e the depth, 
thickness of the thread, and the width of the groove are each 
equal to half the pitch, the strength of the shaft upon which the 
screw is cut would be unnecessarily reduced. If the groove be 
made shallower and narrower then two threads, with two spaces 
having the same pitch as the single one, can be cut upon it so as 
to present about the Fame area of bearing surface to tl:e pressure 
and at tbe same time afford quite as great a shearing thtclcne&K 
without interfering with the velocity ratio." If a very groat 
velocity ratio should be required, then three or more threads with 
corresponding grooves may he cut in the shaft and nut. 

Backlash in Wheel and Serew-GearingB. — Backlash is the 
slackness between the teeth of wheels in gear or between a screw 
and its nut. Suppose that two wheels aie in gear, and that you 
move one of them in a certain direction until it turns the other, 
and then revei-se the motion ; if you can now move the pitch drcie 
through, say, ^ inch, before the second wheel responds, this distance 
is the amount of backlash. In the same way, suppose you tuma 
screw in one direction until its nut moves, and then reverse the 
motion, the angle or proportion of a tui n which you can now 
make before the nut responds, is the biicklaahof the screw and its 
nut. If a great amount of backlash be present in wheel -geai'ing, 
it causes vibration and a disagreeable rattling noise ; and where 
severe stixisses and sudden stoppages are common, the teeth are 
liable to be stripped. It can only be thoroughly pi'evented by 
cutting the teeth most accurately of the best rolling contact form 
by a tooth-cutting machine, All screws and nuts that are much 
worked are liable to backlash as they become worn, although when 
new they may have been very free from it, so that the best way 
of taking up the slack is to form the nut in two parts with flanges 
connected by screw-bolts, which may be tightened from time to 
time so as to take up Ihe wear, and thus keep one side of tbe 
threads in one half of the nut, bearing hanl agaiust one side of tia 
threads of the sci'ew, and those in the other half against the other 
side. 
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Lbctuee XIV.— QuESriONS. 



I^A- Bxplain bow a screw is a combination of the leier and inclined 
^une, and illustrate jour remarks. Find the theoretical advantage or 
ratio of W to P in the case of a screw of [ inch pitih and 3'Z inches 
diameter ; if the lever or spanner key bo 7 feet Iodk I >" 52S : i . 

2. Given a cjlinder and a, sheet of paper of sufBcient size to cover thi 
cylindrical surface, sbow how yaa would trace an evenly pitched spiral o 
Borew line on the cylinder. Mark on your sketch the pitch oironmferonce, 
and angle of the screw-thread. 

3. Trace a screw-thread line on a o-jlinder. Draw a triangle to repre- 
sent the pitch, circumference and aogle of the thread, and show the 
direction of all the forces on the supposition that there is a total pressure, 
Wlbs., on the end of the cylinder acting parallel to itsaxisand balanced by 
a force, Plba., acting at its circumference in a plane at right 
axis, with a total friction of F lbs. on the screw-thread, 

4. What are the essentia] characteristics of a screw-thread T Upon 
wluch of these do(i) theeSciency, (2) the Btrenglh, (3) the durability of a 
screw depend ? 

5. Sketch and describe all the forms of screw-tlireads which you have 
seen in practice. State their representa.tive advantages and disadvantages, 
and for which kind of work each kind is most suitable. 

6. Define the pitch of a screw. In the Whit worth angular screw-thread, 
wbat is the angle made by opposite Bid«B of the thread t 'I'o what extent 
is the thread rounded off at tne top and bottom T Distinguish between a 
iiTigh and a tloahlt-lhreaded screw ; in what cases should the latter be 
nsed 7 Why are holding down bolts made with angular threads 1 

7. Distinguish between a right-handed and a left-handed screw. Sketch 
the screw -coupling which is commonly used to connect two railway 
carriages, and eiplain the action of the combined screws. If the pitch of 
each screw is l inch and the lever-arm from the axis of the screw to the 
centre of the ball is 12 inches, with wbat force will the carrit^es be pulled 
together by a force of 50 lbs. applied to the baU on tlie end of the ai 
Alia. 5028' 5 lbs, 

8. Draw a single, double, and treble square-threiided screw to a ,_ 
scale, where the outside diameter of the screw-thread is 10 inches and the 
pitch 6 inches. Explain the advantages of using a donble or treble thread 
iOBtead of a single one for transmitting rapid motion against a considerable 



9. Why is the angular. threaded Whitworth or Seller's screw better 
adapted than the square, rounded, or battress thread for (he bolts which 
are used to bind pieces of machines, &g,, together 7 

10. W^bat is meant by haelilash^ How may backlash be prevented ii 
screw, and in wheel gearing J 
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LECTURE XV. 

COSTEKTS.^EiEciencj.&c, of a Combined Lever, Screw, and PiillejGear-i 
Kiample I. — Bottle Screw-jack — Esample II. — Traverainf; Screw- 
jack— Screw Preaa for Bales— Screw Bench Vice— Example III — 
EndleBS Screw and Worm-Wheel — Combined Pnlley, Worm, Wonn- 
Wheel and Winch Drum -Worm-Wheel Lilting G«ir— Example IV.— 
Queatiors. 

Efficieiic7, &o., of a Combined Lever, Screw, and Pulley 
Gear. — C'onsti'uct an apparatus of the following description, 
hai-ing a horizontal Whitwoith V-eCfew of, say, p" pitch, with 
cylindrical ends and flanges supported by bearings, so that the 
screw Pirnnot move longitudinally, but with a nut fi^e to travel 
from one end of the screw to the other, along a slide or guide 




Apparatus 



represents Weight, lo be lif led. 
Gui'lc I'ullcv. 
Nut. 
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which preventB it from turning I'ound, Apply a force, P, to a 
rope passed over the V-grooveil pulley of radius, E, keyed to the 
end of the screw shaft, until it moves the nut with the hook, 
rope, and weight, "W, attached thereto, as shown hy the aceom- 
.^anying side elevation, plan and end view of the apparatus.* 
Example I. — If the radius, R, of the tui'ning-pulley he 12", the 
pitch, p, of the screw 1", and the groea pull, P, required to lift a 
weight of 100 lbs. be 4 Iba. : (ind (1) the velocity ratio ; (a) the 
theoretical advantage ; (3) the working advantage ; (4) the work 
put in to lift W I foot ; (5) the work got out ; (6) the pei'centage 
efSciency; {7) the mean coefficient of friction. 

Answer. — We have got in this question all the necessary data required 
to find the various answers esoept n, the nuniber of turna which the sci 
will have to make in order to lift W i foot. Since the pitch of the scr 
is 1", eaoh turn thereof will elevate or lower the weight t", according af 
ia turned the one way or the other ; coaseqaently, if the sorew mal 
12 turns, the rnit and the weight will move through 13", therefore a- 



* It is evident that, in addition to ttie friction between the screw an( 
the nut, there is friction at the several bearings, at tlie nut slide, and it 
the bending of the ropes. Consequently, if the stndent were to place la 
nireeeiiou weights at W of, say, 10, io, 30, 40 lbs., &o., and ascertain by aid of 
a Salter's spring balance (hooked into tlie rope which passes round the tum- 
ing-poUey), the corresponding pnlls reqjcired to lift these several weights, 
and to plot down the results on squared paper with the weights as abscissa 
and the pnUa as ordinate-, and then to draw a line through the inter- 
sections of the vertical and honzonlal line's drawn ttirongh the correspond- 
ing valoea, be would obtain a characteristic curt e for the friction of the 
machine as a whole. If he took the precaution to balance the initial 
friction ol the machine (when there was no weight attached at W) by 
banging such a smaU weight at P as would ju'tt move the nut towards 
the tnrning-piiUej, he would find upon repeating the above experiments 
(keeping the small additional neigbt on all the time) and replotting the 
results as cow recorded by the spring balance, lliat the second frictional 
curve would approach much oesrer to a straight line than the former one. 
In fact, its deviation therefrom would simply prove that the friction of Uie 
movable hearing surfaces Jeas not ilirectly pruvorti'mial to tlie load. To 
arri-Te at the characteristic friction curve for the screw alone, he would 
have to find out hy trial the proportion of the several pnlls applied, whioli 
were spent in overcoming friction at all other points except between the 
screw and the nnt. To thoee Btadents who have the time and opportunity 
for carrying out experiments InappUed mechanics, the apparatus ill astrated 
above will prove interesting and instructive. The figures are drawn from 
the machine oonstmcted in the author's engineeriag workshop for the 
purpose of enabling his students to make similar tests to those suggested 
above. A square, or a rounded, or a buttress-thread may be substituted 
for the V-Whitworth one, and tound information may thus be obtained 
about different forms of screws, which will make a stronger and a 
lasting impression on some students tlian by merely studjio^ Viwh-a. 




(i) The Vdociiy liatlo 




Ws distooce it 
_ 0"^ of pulley _ sttR _ 
' ' ' pitch of w 

(z) The Tkemvtieal Ad-] _ Weight lifted if there were oo frict 
vaviage . . i Pnll applio " 

^Wp_2fl-E,_75-4 
1' 
(3) The Working Advan- 
tage . 
{4) The Work Put 
lift Wi foot 



(5) The Work Got out 

raising W 1 /ool 

(6) The Percentage Effi- 

ciency 



Bottle Sorew-Jack.^The importance of the sci-ev 
simple maohine for exerting great pres.sures, is very well < 
emplified hy the screw-jack. This tool is used for repla ' 
locomotives and railway carriages upon their rails, for elevatu 
heavy girders into position, or for overcoming ajjy gi-eat resistance 
through a small space which cannot be effected by a labourer and 
B. lever. As will be seen from the accompanying figure it consists 
of a. strong hollow bottle-shaped costing, with a projecting handle 
for facilitating the carrying of the tool from one place to another. 
In the upper end of the casting a squai^-threaded screw ia cut 

evident Vaat with pucli a low j>ercent^e efti(^iency the weight 
when hanging from the rope will cot be able to overiiaul the machine. 
""' ' Btudent can calculate what pitch of nerew wonld be reqnircd with the 
■cScieal of friction before overhauling could take place. 




BOTTLB SCREW-JACK. 
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parallel with tiie iixis, and into this nut tliei'e ie titted ii st«el 

acrew terminating in a sphei-iciil head, having two holes lioied 

through it at right angles to each other. Into 

one or other of these holes an iron lever l>av 

is fixed, so that hy pulling or pufihisg on the 

outer end of the bai- tho acrew is turned, and 

thuii the head ie gradually i-aitied from the 

iKise. To avoid the tearing, grinding action 

that would ensue between the head and the 

object acted upon, the former is provided with 

a loose crown fitted ou a central pin projecting 

fi-om the i-ound head. 

Let L = Length of the levei' arm in inches 
from centre of jack to where tho 
force is applied, 
„ p = Pitch of sci-ew in inches. 
„ P = PuU or push applied at nidius L. 
„ W = Weight lifted or reaLstance over- 
Then, by the Principle of Work, and neglect- 
ing friction, we have in one turn of lever — ■ 

P X itsj distance = W x its distance 
Or, Px2fl-L = -Wxp 

...P = ^^'' 

Example II, — A weight of 10 tons has to be lifted by a screw- 
jack, in which the pitcli of the sciew is J". What length of lever 
will be required if a force of 70 Iba. be applied at the end of it ? 
(1) Negleetiog fiiction ; (2) if the modulus or eificiency of the 
tool is only '4, 

Answer. — (i) By the pi-evious formula (neglecting friction) 




I 



W) 






i.S6o 



(3} Taking friction into account we see fi-om the question that 
the eificiency is = '4, therefore the percentage elEoiency is 40, or 
60 per cent, of the work put in is lost work required to overcome 
friction Itetween the screw and its nut. But us the length of the 
lever is dii'ectly proportional to the work put in, the theoretical 
length of tlie lever found above is only 40 per cent, of the actual 
or working length required. 



.-. 4o: 100 :: 35-45: L, 

4° 
Traversing Sorew-Jack. — It is very often conveuienl, wlien 
utiing a stiting heavy screw-jack, to be able to move the liaid a 
short distance to one side oi' the other, when neur the object to 
which it is to be applied; 01, tiftei having raised a load with one 
or more jaoks, to be able to ti iverse the jacks forwai'd or back- 
ward thi'ough a shoi't dial inuj until the loud is brought into 




Tkavbhsino Scrbw-Jack with RATCHET-LuvEna. 
(By P. & W. MacLellan, Glasgow.) 

the desii-ed position. These movements may be eifected wilfi.,^ 
jack of the form Bhown by tlie accompanying figure. Fuither, 
thifl jack ia provided with a side foot-step attached to and pro- 
jecting from the lower end of the vertical screw. This foot-step 
can bephced under the flange o( a \qv) Witu ok vail, where it would 
'0 incoorenient or perhaps imipossMfe to ^et \,\\e ta^\«».\M.\AsK- 
"'"^ '^esflme. The nut oi the homoiAai ^ib.\Wl-^\i% «;hpn -a 






SCBEW PRK88 FOR BALES. 143 

1 in, or fitted to the bottom of the vertical casting, and this 
ifl turned by a I'atchet-lever which may be slipped on to one 
other of the squared ends of its shaft. The upward and down- 
ward movement of the vertical screw is also affected by a ratchet- 
lever, and in this case without tuniing the screw, for the ratchet- 
wheel is fixed to the nut of its seiew. The pawl of the ratchet 
may be locked on one side or the other, bo as to enable the ratchet- 
wheel and the vertical Bcrew-nut to be turned i-ound in either 
direction for eleviiting oi' lowering the load. 

Screw Press for Bales.— When soft goods or hay have to be 
ti-ansported they may be squeezed into small biUk by means of a 




(By Lo d 

I. nd bou 1 fl mly wh u und the p "e by atiips of 
pai* 1 unl th m ud th nn et il f the pi-eEsure 
la rel e d The bou 1 I ndle th n te med bale. The 
operi t n 11 b understo d b an n pe t on of th accompany- 
ing figi Tl e loo e material plac 1 in the pac between the 
rigid base and th m able plate of the p ss th doocs «t% eXowaJ-- 
and locked, the pressman applies "himaeAi to t\ie feTii. lA SJoa^K^^st 
ivrt/i a force, F, thereby turning fhe nut aX tVft srae^ k&&.^«s'»^ 
'- —"-.ble plate downwards witb a pTesfiwe. ™ """^^^ ^*^ 






tLe 



^j.-s*a. ■*»» 



doMal^ 
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desii'ed conipi-easion of the goods liar* been attained. The doe 
■e then opened and the liti'ips of hoop ifon {which wei* pi'evioualy^- ■ 
■ nre now placed in the grooves of the base and upper plats) are 
brought together and riveted. The lever is then turned in the 
opposite direction to relieve I he pressure, and the hale is removed 
to the stole or ship to miike room for another quantity of goods 
being subjected to a similar action. 

The Kuuie formula hs we used for the screw-jatk and for 
Example I. in connection with the combined lever, screw and 
jmlley gear, natm ally applies to this press, and to any pimilai' 
appliance, such us a letter-copying press.* 

Screw Bench Vice. — A bench vice is essentially an instru- 
nerit for seizing aud holding firmly any small object whilst it is 
being a^ted upon by a chisel, tile, diilt, saw, or emeiy cloth, &c. 
Looking at the figure which illustrates the following example, it 
will be seen that the vice is a combination of two levers, a square- 
threaded screw, and a nut. The object O to be gripped ia placed v 




between the serrated jaws JJ. The lever handle H, on being 
turned, forces the screw S into its long nut, and thereby presses 
forward the outer jaw upon the object, by aid of the flange on the 
screw-head. This jaw is a lever, having a fnlcrum at F, and there- 
fore the pressure on the object is less than that on the screw- 
collar in the proportion of SF to OF. The bent lint spring 
between the limbs of the fixed and movable jaws servis to force 
the movable jaw away from thetixedone when the screw is turned 
backtvards, and thus relieves the object without having to pull 

Heter to the Index for the page wheTetteWaatratitm ot the Fly-press 
The Btalical pres!*ures produceA 'bj \.'h\aiiiac\ivnB'*\«.-Bw*&Vsi 
Jioie^ &c., may be treivted in tlie same ■«a-5 . 



^t^ • net, 

^^H tOoMttg 
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this jaw back hy the hand. It will be obeerveil that the £xed 
jaw should have been continued to the floor leiel by a vertical 
suppoi'fcing leg, in the ca^ of such a big vice intended for rough 
heavy engineering work. 

Example III. — Sketch an ordinary bench vice. Apply the 
principle of work to find the gripping force obtained when a man 
eserts a pressure of 20 Iba. at the end of a lever 18 inchea long, 
the screw having four threads per inch, the length from the 
hinge to the screw being 18 inches, and the length from the 
hinge to the jaws being 24 inches. {S. ife A. Esam, 1892.) 
Answer.— Let P repi-eaent Pull on end of handle II = 20 Iba, 
„ Q „ KesistancB offered by screw at S. 
„ K „ Reaction, or gripping force, exerted 

on object at 0. 
„ L „ Lenjfth of handle H = 18 inches. 
„ p „ Pitch of screw S = ^ inch. 

Suppose the handle, H, to make one complete turn under the 
action of a eoTislant force, P, at ttie extremity thereof, against a 
coHgtimt resistance, Q, acting along the axis of the screw. 

[The student will observe that we aiiji]>o«e the farces P and Q to be ecm- 
ataiit, which ia not correct for such a large movemeot as a complete tarn 
of the handle, but which may be assumed here for the sake of simplicity. 
The reason for this ia, that the reaistance, R, will v/iri) with the 00m- 
prenaion produced On the object at O. However, the ratio between P 
and R will remain a constant quantity.] 

The work done by P during one turn of handle = P x 27rL. 
And „ on Q duiing the same time = Q x j). 

But, by the Principle of Work — 

Work done bi/V= Work done on Q 
.-. Px 2jrL = Qx3( 
Interpolating the 
niimeiieal values^ 



mple of Afomenls— 
RxFO = Qx] 
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Endless Screw and Worm Wheel.* — When a screw is 
rotated between fixed bearinga so tliat it cannot move longi- 
tudinally, it is called an nndless screw, because the thretvds of the 
screw aeem to travel onwai'ds without ending. f When such a 
screw gears with a toothed wheel, haTong its teeth set obliquely 
at the same angle as the thread of the Bcrew so as to bear evenly 
thereon, the wheel is termed a. loorm-wheel. The endless screw is 
sometimes called the vorm, no doubt from its resemblance to that 
well-known humble animal which, when coiled up tor rest, would 
nut turn upon any one unless ti-oil upon. 

By this arningement, motion may be transmitted fi'ora one shaft 
to another at right angles to each other, without any possibility 
of the machine overhauling ; for although the velocity ratio is very 
great, the efficiency is comparatively small — considerably under 
50 per cent, with single-threaded screws — owing to the friction 
between the worm and the wheel. J 

It is most important for the student to comprehend that if tht 
serev! he a aingle-threaded one, it must make as many turns as Ifure 
are teeth on the wheel, for every revolution of the latttr. If the 
screw is a dovhle-threaded one, then for each revolution thereof it 
drives the wheel through a distance equal to the distance hetwein 
tiro teeth on the pitch cii-cle, and if freble-threailed through the 
pitches of three teeth. Thus, if N equal the number of teeth in 
the worm-wheel, then, with a single-threaded sci-ew, for eveiy 

turn of the siune, the wheel will move a distance of vi ; with a 
double-threaded worm i^, and with a treble-threaded one ^ 

The endless screw and woTm-wheel is used in a very great 
variety of circumst-ances, from the turning of a big marine engine 
when in port, to the delicate movement* in a telescope or a micro- 
scope. 

Combined Pulley, Worm, Worm-wheel and Winch 
Drum. — This combination is shown by the nccompanying end 
and side views drawn from an experimental piece of apparatus in 

" Refer to the next figure. 

■)■ The term jimyeiunJ screw would eipresB more exactly its action, for 
when in motion, it cactiDually screws the worm-wheel round. 

Z The greater the diameter of tlie screw and the smaller its pitch Is, tha 
better will be its bearing on the teeth of the wheel, bnt thea the effloieoo; 
will be so small that there will be no chance of overhauling. This ia tM 
condition to be obseTvcd when (ho screw is intended to drive the wheeL 
//, however, it should be requirert to drtve the screw by tbe wheel, or 
jieeessarj (bat overhnulingBhoul4 lake p^ace,\.\ieiiV\ieeCT<r«Tv\\w.v'S*;vtt*!i 
"^ ■" — lefer, fts pilch very great, and ii\t\icT floxfeV en UcNiXbWi'mAiA. 
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B Author's Laboi-atory, which is used by the students for ajicer- 
Bing the efficiency of the machine, and for finding the co-efficient 
'rictiou between the enilles 




N represents Number of leeth in 

WW. 
D „ Drum, or diametHr of 

winch barrel, 
r „ Radius of drum. D. 

W „ Weigbt to be lifted. 

By tlie Priiiciple of Vi'ork (neglecting friction), if the drum, D, 
makes one turn, and if the worm be a tingle-thrtaded fciew, 

P X its dfetance = W x its dihtiince 
Or, P X 2,rRN = W X 2,rt- 

{-=• both sides by 21) 
■_ PxRN=Wx»- 



^r ■ ■ W~RN 

• It will be evident to the student that, given any four of these five 
valnee, be can change thia formula bo as to find the fifth oQe ; and. that 
he can experiment wllh this machine in precisely the same way as has 
been already explained in the case of the wheel and a^le^blouk. u\ti3,^«is'i^<:, 
Weston'ipuWer Woeianil screw, &c., to ascertoiw \tB -moiVto^ iitewA^'^t, 
co-elEvleDt of friction and efficiency. 
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Worm-wheel Lifting Oear. — The accompanying figtri^B 


Kilowa 


11 pi-ttotic.ll application of the endless screw and worm-'" 




used— 


vin., the lifting of weights without fear of the tat-kle over- 




hauling. A light- driving endle.^s chain passed 


i 


^ql over a V-gi-ooved pulley having ridges or teeth 


^ 


Sff on the inner sides of the grooves, ko a'' to fit 


■; . 


LWUft *'''^ P^**'' °^ *'"' ^'"'^ °^ ""^ chain. This 




^Wfm pnlley is keyed to the outei' end of a worm 


■3 1 


J^Uf Hpindie, whone screw gears with a wonn- 


E 




wfieei iixed to or cast along with a second 






V-grooved I'idged pulley or drum, over which 


— 




is passed the movable end of a heavier lifting 


p! 




chain nftei' it has been reeved under a snatch- 


1 


block pulley. In fact, it is simply the previous 






experimental apparatus in a handy and com- 


f. 




pact form. 


i 




ExAWi-LE IV.-]f in lifting tackle of the 




above description the driving pulley has a 






radius R=5". the number of teeth in the 


t ' 


^^ 


worm-wheel N = 2o, and the diiven pulley a 


= 


is 


radius r = e," ; what weight suspended from 






the snatch-block hook could be lifted by a 


o 


RA 


foi-ce of 10 lbs. apiilied to the forward side of 


is 


^^ ^ the light chiiin— (1") Neglecting friction, (2) if 




the modulus or efficiency of the whole appa- 


ratu» V 


■ere only '25 ! 


Ass 


WEB. — (1) Applying the previous formula, and taking 


account of tlie fact tliafc the liftina; chain is combined with ii 1 


snatch 


block, WB have- 




„, PxUxN axtoxSxao 




W 








(2) Owing to friction, wei;;)it of chain and snatch-block, the 


actual result obtainable is only -at;, or 2^ per cent, of this theo- 


JCtic:ll 


viiltie; consequently 




100 :zs :4O0:3; 


1 


a!=-^j~° = 100lb8. 


% 
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Legtdbk XV.— Qi 

T. A horizDDtal screw, of i inch pilcli, is Tittcd to a sliding nut which is 
pulled horizontally bj a cord pasaing over a fined pallej, and havinK a 
weight, W, attached to it. To the free end of the screw there is fixed a 
puUe; of 20 lochea diameter, from the circumference ol which a weight, 
P, hangs by a cord. Find the ratio oC P to W. Am. r ; 6i'8. 

2. In a set of combined tever, screw, and pnlley gear, like that illustrated 
befote Example I. in this Lecture, R = 6", P - 2 lbs., W = 50 lbs., and 
the pitch of the screw isgnoh that there are a threads to the inch ; find (1) 
velocity ratio, (2) tbeoreticnl advantoge, (3) working advantage, (4) work put 
intoliftWl [t.,(5)workgot onE,(6)percentageefliciency. Jus. (i) 75'4 ; i; 
(a) 75-4 : I ; (3)25: li (4) [So-8ft.-lba. ; (5) 50 ft.-lbB. ; (6) 33-1 percent. 

3. Describe, with Bketchcs, the construction of an ordinary lifting jack 
in which the weight ia lifted by means of a screw and nut. If the screw 
be I inch pitch, the lever zo inches long, and the pressure applied at the 
end of the lever be 30 lbs. ; what weight can be lifted (neglecting friction)? 
(Take r = 3-i4i6.) (3. and A. Exam. £899.) Aiui. 1884-9 'hs. 

4. In a ecreic-jiict, where a worm-wheel ie used, the pitch of the screw is 
D inch, the number of teeth on the worm-wheel is 16, and the length of 
the lever is 10 inches; find the gain in piessnre. Ann. P : W ; ; 1 ; 1069. 

5. What practical objection is there to the use of screw gear of any 
description for obtaining great presBnre? Take for eiample tl e case of 
the screw-lifting jack. Sketch in vertical section and plan, and describe, a 
traversing one to lift say 20 tons. Explain how the screw of the jack is 
raised and lowered without being turned round. 

6. Sketch and describe the construction and action of a sere" press for 
pressing goods so as to make them into bales for transport. What force 
must be applied at the end of a screw press lever S' 4" in lengtli, in order 
to exert on the goods a total pressure of 22,000 lbs. when the pitch of the 
screw is 1 ' 7 If 60 per cent, be lost in friction, what pressure would result 
from the application of thin force on the lever? Aiis. 35 lbs. ; BScolbs. 

7. Sketch an ordinary bench vice. Apply the principle of work to find 
the gripping force obtained wiien a man exerts a pressure of 15 lbs. at the 
end of a lever 15 inches long, the scr-ew having 5 thrend.^ per inch, the 
length from the hinge to the screw being iz inches, and the length from 
the hinge to the jaws being i6iuche3. jiiia, 5303-6 lbs. 

8. Explain, with a sketch, the manner in which the principle Of n-ork ij 
applied in determining the relation of P to Win the cose of the endless 
screw and worm-wheeL The lever handle which works the screw being 
14" long, the number of teeth in the worm-wheel 20, and the load being a 
weight of icoo lbs, hanging upon a drum iz' diameter on the worm-wheel 
shaft, find the force to be applied at the end of the lever handle In order 
to aopprt the weight, (a and A, Exam. 1887.) -In*. 21-43 ">b. 

9. Explain the mechanical advantage resulting from the employmont 
of an endless screw and wnnn wheel. The lever handle which tornE an 
endless screw is 14' long, the worm, which has 32 teeth, and a wdght, W, 
hangs by a rope from a drum 6" diameter, whose axis coincides with that 
of the worm-wheeL If a pressure P be applied to Ihe lever handle, find the 
ratio of P to W. (8. and A. Exam. 1883.) .4h". P : W ; : 3 : 448. II in 
this question the worm be changed to (i) a double, and (a) u treble- 
threaded screw, what will be the respective ratios of 1* (o Wf Am. 
(1) I :74-6; (2) 1:49-7- J 



I 



i 



LECTUKB XVI. 

CONTKNTS. — General idea of the Mechanism in a Screw-catting Lathe — 
MotJODS uf the Saddle and Slide Reat^- Velocity Ratio of the Change 
Wheels— Rnles for Calcnlatiag the Required Number o£ Teeth in 
Change Wheels^Examples I. II.— Movable Headstock for a. Common 
Lathe — Description of the Sorew-cntting Lathe in the Author's Ele«- 
trical Eogineering Workshop, with a complete set of Detail Drawings 
— Qnestions, 

General Idea of the BCechaiiism in a Screw-ontting 
Lathe,^'\Ve will devote this Lectui-e to giving a geneml idea of 
the mechanifim by which screws are cut iu lathes, and the velocity 
ratio of the screw to be cut to the leading screw, together with n 
description of a complete set of illustrations prepared from work- 
ing drawings of n new self-acting screw-cutting lathe. 

Beferring to the following figure, and to the general view of the 
d-inch centre screw-cutting lathe {further on), it will be seen, that 
the round metal bar on which the screw is to be cut ia placed 
between the steel centres of the fised and movable headstocks of 
the lathe. This bar iias an eye-catch on its end next to the fixed 
headstock, which engages with a driving-stud connected to the 
face-plate. In order to obtajn the necessary force to cut the 
screw, and to reduce the speed of the workshop motion shafts (in 
the case of a power lathe, or of the treadle shaft in the case of a 
font lathe) to the required velocity, the fised headstock is sup- 
plied with back motion geaiiug. The back wheels may be put 
into or out of gear with the lathe spindle wheels at pleasure, by a 
simple eccentric motion (in the case of the lathes herein illus- 
trated), 01', as is sometimes effected, by sliding the back shaft 
forward, so that its wheels clear those on the lathe spindle, and 
^^ then fixing it there, by a tapered pin fitting through a hole in the 
^B framing and a groove cut in the shaft. But, when the back 
^^ motion is required for the purpose of matdng a stow heavy cut, 
^^L the follower F, ls thrown out of gear with the t^tepped cone 
^^^L pulley, so that the driver D, (which is keyed to the cone) toaj 
^^^m tarn the follower F, ; and the driver D, (which is keyed to the 
^^fmme apiadle as F,) rotate tUe!o\\owe\-"Eit^-»'\i\A\ w Vs^-jisi to tlw i 
^^m^tbe spindle), and hence ieva\ve t\ie ^nte-'sAsAa a.iv& 'Ooa^a.T, ' ■* 
^^^mbicb the sci-ew is to be formed. 
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MECHANISM IS A SCREW-CDTTING LATHE. 



^SI 



On the bnck exteDeion of the la.the lipindle thei'Q is iixed a 
'change wheel or sidhII driver, d, which gears with a, follower, y 
(keyed to the left-hand end of the leading ov parent sci'ew), either 
direct in the aiae of the cutting of a very finely pitched left- 
handed aci«w ; or, through the intervention of a transmitting, or 




End Views SMovviriG Ci 
Fob Rioht-Handbd SCBEwa. 

Genebal Idea of Mbcuanism ik a Sen ew- cutting Latue, 

tISDKX TO Parts. 



SC represei 



or child. 
Leading screw, 

Slide rest. 
Diivcra of lised 
heacistcick. 



Wheels. 
Left-Has DED Scbews. 



Fj, t\ represents Followurs of fixed 
headstouk. 
J,/ „ Driver and fol- 

lower of change 
wheels. 
IF „ Idle pinion of 

change wheels. 



what is technically termed an idle, pinion, IP, in the case of a 
medium-pitched rigbt-hand screw. (See also the end views of the 
change wheels above.) 

It will therefore he seen that there are twoiiii6'5eaiB^^''Ki.'*''»°^^ 
to be eoaaidereJ — (i) the reducing gear ixom. \ii.e 6"^**^ °^ ^^'^ 



H Uor, 
^V Bcraf. 
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) tu thiit of the Inthe-wpindle ov tiai- to be operated 
upon; and (?) the multiplying op reducing gear between tbe 
lutlie-spindle and the leading screw. The foi-mer of these will be 
e understood from the figures, and from what was said in 
regard to wheel-gearing in Lecture XII. ■• 

We shall now conaider the second motion. Remembering that 
the pitch of the parent or leading screw is fixed and unalterable, 
and that on its truth depends to a large eictent the accuracy with 
which the child, or screw to be cut, can be formed, it will be clear 
that we have only to connect these two parallel shafts with siut- 
abie gearing in order lo transmit, by aid of the " txp^ng prin-' 
dple " the charactei'istica of the parent to the child.* This may 
be done in an equal or magniSed or diminished degree, according 
as the pitch of the screw to be cut is equal or greater or less than 
that of the leading screw. 

Uotionx of the Saddle and Slide Rest.— The base of the 
ilide rest, or the saddle aa it is technically termed, bears upon and 
is guided by the truly-planed shears (or upper framing of the lathe) 
parallel to the line joining the centres of the fixed and movable 
heads. In turning a right- /landed screw the saddle is jaoved Jrom 
the movable headatock loioarda t/ie fixnd one, or from right to leftf by 
clasping it to the leading or guiding screw with a split nut attached 
to the under side of the saddle. In cutting a kft-kanded acrete 
the saddle is moved by the same means, but in the opposite direc- 
tion,— i.e., from left lo right. In other words, it travels in the direc- 
tion towai'da which the threads of the screw to be cut are inclined 
forward. 

To the upper side of the saddle is bolted the slide-rest sur- 
mounted by the tool-holder. The rest is provided with two in- 
dependent sliding motions, each actuated by a hand-tui'ned screw, 
and guided by a true plane surface with dovetailed sides. These 
motions (for the purposes of turning paj'ollei woi'k and screws) 
are fixed at right angles to each other, the lower one beinf 
parallel to the centi'e line of the lathe, and the upper one at right 
angles thereto. Both motion.'* are therefore independent of ^di 
other and ot the sliding motion of the saddle. The turner a 
thereby enabled to adjust the cutting tool with great delicacy and 
accui'acy with reference to the job to be operated upon, irrespective 
of the automatic travel of the supporting saddle. 

Telooity Hatio of the Change Wheels. — ^As has been men- 
tioned already, the change wheels are interposed between the 

reported tliat Sir Joaep\i WWtwatlli, CoelinK the importance ol * 
tAorougltlif true hading ecreio, mient an ivomeiiae S-ejN. <A kutos^ -o.'^ti On 
scraping and fini.-hing of a parenl hctc-m iir a 6Ts\.-t\a8a\a.<.\\is, 'i.iQ-m.tii^^ 
laaay of the beat acrewa in this cottutvv ta-N« \jeftii cu^S.^*. 
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back end of tbe lathe spindle and the leading screw, for the pui- 
pose of tram^fernng motion to the saddle, and determining, that 
the cutting tool shall be moved thi'ough a. definite pitch for each 
rotation of the cylinder to be turned or screwed. Every turn of 
the leading screw moves the saddle and cutting tool thmugh a 
distance equal to its pitch, and consequently if the bai' to be 
screwed, turns at the same rate a^ the leading screw, the pitch of 
tbe screw cut upon it, will be th« same m thitt of the leading 
screw. If it moves faster than the leading screw, the pitch will 
be less ; and if slower, the pitch will be correspondingly gi-eater. 
" It therefore follows as a matter of course, that if we fit wheels on 
tbe lathe spiudle and on the leading screw of the same diameter, 
or having the same number of teeth, the screw being cut will 
have the same pitch as the leading sci'ew. If we fix a small 
pinion, or one wit,h few teeth, on tbe lathe apindle and a wheel of 
large diameter, oi' many teeth nn the leading screw, the pitch of 
the screw to be cut will be em^tl, compared with that of the leading 
screw. Or, if the number of turns per minute of the leading 
screw be gi^ater than that of tbe screw being cut, the pitch of 
tbe latter will be greater than that of the former, and vice versA.* 
Bules for Calculating the Beciuired Niunber of Teeth 
in Change Wheels, — The fDllowing rules simply express the 
previous reasoning in the form of pi-opoition. In applying them, 
the student should again refer to the end views of the change 
wheela in the fii'st figure of this Lecture. 

IStch of srreie to be cut _ A'o. ofleeth in let driver x Xo. in aiiil driver. 
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Let^^ 

;;? 
,. J, 

Then, 
Or, 




din// screw y<i. (// teeth in iitfoUoine 

= Pitch of sci'ew to be cut in 

inch, bf.tioeen two threads. 
= Pitch of guiding screw 
= Diametere or number of teeth 
= Diametei-s oi' number of teeth 
P.^'l.xd, 


kA'o. in zitd /altoujer. 
wJiee, or fraction of 

in drive.,'.' 
Ill follower. 



• What was said SnLectiivea XII. XIII. and XIV. enables Ihe sttident to 
eee clearly the velooitj ratio between tho cut screw and the leading screw. 
We need scarcely remind tbe stodent that llie above stalements refer to 
tbe pitch of a screw as tlie dittance between tiro coiisrctiliue threadf, tind not to 
the iivmhtr of threads per inch. If the number of threads per inch of its 
length are taken as tbe pitch, InEtead oTthe distance between two ttneada, 
the reverae ratio will bolil good. Since a pitch ol i" meati* \ ■Cweaaa ■«> | 
the inch, a pitch o/j" means j threads to the inch, aniV a. pv^\i ol^ -wieoM* 
a threads to the i.-iob. Or, tbe number oE tUreads pet ™c^ "la '"^''^'"^^ 
pnjporLional to ifie distance between two conaecuUve ttiiaaAa ol\."&e.«s» ■ 
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When the train of wheels m a compound oue, a» in this cast 
two intermoJiate multiplying or reducing wheels,/, and d 
fixed to any outstanding movable arm or (juRdrnnt at the left-hand 
end of the latlie,iiioa« to hring them into gear with d^ and/,. (See 
Hecond view of the previous figure.) 

If the train of whee/g ie a aijuplc ojm, as in the first, third, and 
fourth views referred to «liov&, where there ia only one driver, d, 
and one follower,/, with, when necessary, one or more idle pulleyii, 
IP, simply for the purpoee of eonnei'ting d and/ and of giving/ 
the desii-ed direction of rotation, then- 



Should the pitch of a screw be expressed hy the number ef 
Ihreadi per inch of its length — as is usually the case in tables oi 
screws and clinnge wheels — then you can either convert tUa 
number into the pitch pi-oper, hy taking its reciprocal — (i.e., by 
making the number of threadij per inch the denominntor of a 
fraction, with i for the numerator) or you may say — 

Let f^. = Threads per inch of screw to be cut. 
„ t„ = Threads per inch of guiding screw. 

'hen, since the number of threads per inch ai'e inversely 
projiortional to the distance between any two consecutive threads, 
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If the train is a simple 



ExAUi'LG I. — The lathe illuatration furthei' on, has a guiding 
tci'ew of ^'' pitch, or 4 threads to the inch. Calculate the 
number of teeth in the change wheel to be fixed to the end of the 
guiding or leading screw in order to cut a screw of 8 threads to 
the inch when the driver on the lathe-spindle has 40 teeth, ^h 



Answer. — Here („ = ^ i 'tr = ^ ; dl = 40 ; and you are required 



? TEETH IN CHANGE WHEELS. 



By ftbove formula, 



- / . n,- 8 = Z 



../= ? ''__4°_= 80 teeth. 



By using the previous formula, we have p^ = J" aad p^ = ^" 

.-. it = i ; o.-, i = -f? .-. / = * -^ -iS = 1^40 ^ B^ j^^jj^ 

It is at once evident from this example that you avoid having to 
multiply and divide by sometimes awkwai'd fractions if you 
consider the number of threads per inch an the measure of the 
pitch of the screw, instead of the distance between two threads. 

EsiHPLE II. — The guiding screw of a lathe is ^" pitch, and 
you are required to cut screws of ^5" and .\" pitch respectively. 
Determine the number of teeth in the follower, given the use 
of a driver having 20 teeth. 

Answer. — For a screw of j'ij" pitch, or 10 thre-ids per inch, and 
using a driver of ao teeth, we get by the above formula for a 
simple train, 



For a screw of ^'5" pitch the number of threads per inch will be 
20, and using a driver of 20 teeth, we find from the formula 
for a compound train — 



Here we multiplied numerator and denominator by 20, in order to 
obtain suitable wheels, of which (f, will have 20 teeth. (See in 
the previous figure the second of the end views showing change 
wheels.) 

Movable Headstock for a, Common Lathe. — Before 
describing a complete screw -cutting lathe we will explain the use 
and construction of this part of a common small lathe for ordinary 
work. As wUi be seen from the accompanying rough sketch, it 
consists of a east-ii-on poppet-head planed on its under side, so as 
to engage the breadth of the top of the sheiiis. It niny be bolted 
thereto in any desired position (along the length of tl\ft bei'^ Vi-^ 
an underneath iron plate placed across the shears, MiA li- kiw^% 
rm-tical bolt. The upper povtioa of the teaA is c'^WnincaN., asA. 
is bored for about seven -eighths of its length to teceVva a. "^ 
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liollow steel luandiil, M, and for tbe remaiuiug one-eighth to 
eive the spindle S. The mandiil is fitted in front with a 
tiipei-ed centre, C, and heliiud with a screw nut, N. The centre 
33 for carrying one end of the joh to be operated upon by the 
turning tool, and the nut is for engaging the screwed part of the 
spindle S. On the back end of the f^pindle there is a collar, e 
(kept in pofition by a larger collar or guard, G, with small screws), 
1 a hand-wheel, IIW.* Conseqnently, by turning this wheel in 




^1 alibc 



Movable Hkadstock 



one dii«ction the mandril and its centre are forced forwai-d, and 
when moved in the opposite dii-ection they are pcrewed backwards. 
To pi'event the mandril tnming round, it is fitted with a longi- 
tudinal slot on its underside, into which fits the flattened or 
rounded end of a small screw, s. A fixing stud, FS, with a 
handle, enables the mandril to be clamped to the head when it 
has been adjusted by the hand wheel and sci-ewed spindle. 

Description of a Screw- cutting Iiathe. — By the favour of 
Messrs. John Lang & Sons we are enabled to give a general view, 
with a complete set of induced working drawings, carefully 
indexed to every detail, of the very strong and superior 6~inah 
centre ecrew-euttiug lathe, lately presented to the Author's Elec- 
trical Engineering Laboratory and Engineering Workshop by 
Mr. Andrew Stewait, of Messrs. A. A J. Stewart, and Clydesdale. 
This lathe weighs, with all its chucks and supernumerary parix, j 
5 cwt. it has a bed 6 feet long, and admits a bar 3 fest I 



* This arrargen-.cnt ot toWar ain\ guaid is mcVlVik ^wA -box strong, 
altbougb frequenlly adopttd in Oie ciwe ol smaW looViKOftea. 'V\is tf««i 
-'-laid be inside the bored Uead, beUinAtbe nifS. 
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z inches between ite eenti'es. The bod is 9^ iuchos bi-ontl nni) 
6^ inches deep. The gap is 9 inches wide and 6 inrhett iloe[i ; 
consequently the lathe can swing a job of 1 3 inohivs diaiueler t'Uwr 
of tfae leading screw, and one of 24 inches diauieler wlion tliio 
screw is withdrawn from its bearings. The gpeethami hiw thiwi 
ptilleys, each z| incheti broad, th& diameter of the lurj^t licing 
S inches and that of the Rmalleat 4 inches. 

The makei's hare plane*) and scraped the fied to 11 triio lieiLriiiK 
8urfa<'e, and have so fixed the gap piece tlwt it cannot wear looao 
or spring the bed. 




UOVABLB HKAttSTOOK OF SCRICW-OU'r'J 



represents Bottom part. 
„ Top part. 
„ Spiodle, or mandHL 
„ Steel centre, 
„ Steel icrew. 
Hand wheel. 



IKDBX to I'JMTH. 

BH rnpreKcntu Blndlns hnnilln. 

AH ,. A'ljuNtrnit ncnw. 

E» „ EccentrifT ><|>l'"'l«- 
EH ., Kccentric haridlo. 



I* 



The nunahle or tooae htadMoek in gripped to th« b«(l lij' un 
eccentric moti«m worked by a handle, ao tbot H mny )» ifwtaiith' 
damped in pontion witfaiMt the ttouUe of SoAmfl t. )uj to lit 
the osaal ant, and then acrewiog it gradaaUr bonia. The RppM- 
put of tkta hMd, whidi came* tfw tnmdril at apindl^ bM a aide 
adjoBtnent I7 meaiM of a aide »enw, wbovby the >teel eentn 
nay be tmlf afigoed with the coiTt^ondlmt centre of Um la«t 
beadabaek. or it maty be anvcd to tha one Mde or to tho othar In 
the caae of tayer tanraw, A mmII aiMMliler ia ca«C on tha \mk. 
side of the bead to £aeai«((e the oiKaf n( Um MtM «nAff« 'w«Vf<«k 
it»riag to look tar an a&-ts». 
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UKSCBHTION OK A SCKKW-GLTTlSti LATHE. 
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The spindU of the J'tul heathUxk is mude of hard ci'ucible steel 
ground accurately cylindrical, wUei-e it lite into jwrallel gim- 
metal beariogs. Tlieee beHiiags are of ezti-a diameter and length. 
Tbi& spindle is bored hollow for 12 inches of its length, in order 
to admit t^mall i-ods for making tei-mimik and screws in electrical 
engineering work. The gpeed-ame is turned inside and outside, 
and properly balanced. A specially strong and simple rtvereiHij 
year has been fitted to the biick end of this headstock, whei'eby 
the machine-cut steel pinions for turning right aad left hand 
Bci'ewa may be put into or out of gear by simply depressing or 
elevating a reversing handle. The back-motum >jew is iictiiuteil 
by means of a handle and e<:i'entrics on each end of the back- 
motion shaft; wbilbt the froitt tciieel (or last follower, F,, «s we 
have symboUed It in the formula) is locked to the cone or thrown 
out of gear thei-ewith in the usual way^ — vis., by a bolt fitting 
into a sliding slot in the uune and s projecting nut on the side of 
the toothed wheel. 

1 its upper side for the pm-pose of 
es boring out, and which nei^essitatea 
A quick hand traverse motion is 
I of a rack and pinion motion, 
motion of the leading screw. 
The leading screw is turned to the standard pitch of ^ inch, or 
four threads to the inch. The engaging nut is made in halves, 
so that it may grip the leading screw fairly at the top and bottom 
of the threads.* 



The saddle has T slots c 
bolting work to it that require 
the removal of the slide rest. 
provided for the saddle by u 
quite indepeudent of the slit 



* In order to make the 
engages the leading screw 
oleorer, we show here an en- 
larged view with the halves of 

the nut, N-« *H, slightly 

apart, and the disc handle re- 
moved, so as lo brin); into 



the split nut which 



full ' 



f the 1 



slots, ES, wluch guide the two 
steel pins, I' and I', lined on 
N and M. By comparing this 
view Willi the otbera under 
beading " Saddle and Slide," 
the student will see how, by 
merely taming the diiic liandlu 
DH the disc D is moved round 
through nearly a quarter of a 
circle, and the eccentric slots 
ES cau£e the pins, 
move closer to or further away 
from the centre o£ Iho diac f), 
and consequently luuve the 
two paitA of the nut, X, X. in u 




It ol gear Vi nil \\vi iwulm^ sijilv.hi . 
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A coMj/ound dide rest is fitted to the top of the saddle, having 
large beai-ing surfaces with adjustments for taking up the wear, 
and a swivel arrangement for conical boring. 

All the toothed wkeela, including the change-wheels, have had 
theii' teeth cut directly from the solid casting, by the makers' 
special tool for that piu'pose, so that buck-lash, and consequently 
noise and vibration arising from fast-speed driving may be mini- 
mised as far as possible. 

The (MviTig shaft has anti-friction steel roller-bearings. It is 
connected to the foot-treadle at each end by a pulley, chain, and 
crank. The driving-cone is uo stepped that the belt has equal 
tension on any corresponding pair of driving and driven pulleys. 
It ia sul£ciently heavy to act as a fly-wheel. It is balanced along 
with the treadle to secure an easy, steady drive, A power-drive 
may be applied if desired, but the author believes that, as students 
should work in pairs or in seta of thi-ee in a. laboratory, they will 
take a deepei' interest in theii' experiments if they have turned 
out everything by theii" own skiD and labour, than if motive power 
wei-e fi-eely supplied to them. 

Of heavy ckviks there are a very complete set, including a four- 
jaw expanding chuck, elements driver, drill chucks for both the 
fast and loose head spindles, die. 

The student should now go over each di'awing most carefuUy 
by aid of the cori'espondiiig index to pai'ts, and, if they feel inclined, 
by comparing the drawings with an actual screw-cutting lathe. 



^ 
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Lecture XVI.— Questions. 



1. Sketcli the !aet headatock of a double-geared lathe, and expli 
coDtrlvance tor increasing or diminlabing the speed of tbe mandril. In 
the headstook of a lathe a pinion of 20 teeth drives a wheel of 60, and a, 
second pinion of 20 drives another wheel of 60 ; compare the rates of rota- 
tion of the (irst driving pinion and of the mandril of the lathe. Am. i : 9. 

2. Why is a lathe often back-Beared 7 Sketch a section throngh the 
hendslock showing; the arrangement. H the two wheels have 63 and 63 
teeth respeotivelj', and each pinion hati 25 teeth, find the reduction in the 
velocity ratio of the lathe spindle dne to the back-gear. [8. and A. EKani. 
1891.) Aifn. 6.3s : I. 

3. Make a vertical longitudinal section through the moi-ahl' or loone 
b^stoiik of a lathe, ahowinf; precisely the manner in which a screw and 
nut are applied to produce the necessarj movement of the centre which 
supports the work. Name the materials of which the several parts are 
mode. (S. and A. Exam. 188S.) 

4. What is the nse of the guide-screw in a lathe T Where is it nsnally 
placed? Showbyaketches the precise manner in which the slide rest is ■" " 
nectedwithor disengaged from the gnide-screw. (S.andA. Exam. iS 

5. Describe and show by sketches the means by which the slide rest ol 
a lathe may be connected with the leading screw. If tbe slide rest tra 

verses the bed at the rate of i J feet when the leading screw makes s6 

lutions, what is the pitch of the screw thread ? (S. and A. Biam. i 
jltu. i inch. 

6. Sketch and describe the mechanism by which the saddle of a s 
cutting lathe can be made to travel automatically in either direction along 
the lathe bed while the speed pulleys run always in the same direction, 
(8. and A. Exam. 18^) 

7. Howisthe«ipvi''.9|>'"''";y''eappliedinascrew-cuttinglathG! Describe 
n method of throwing a aell-acting acrew-cntting lathe in and out of gear, 
and of reversing it by means of a belt and overhead pulleys. '"-- ""- " 
in Lecture XI.) 

8. Explain the nse of the quadrant for change wheels in a screw-cntting 
lathe by making a aketi^h showing it in its position on a lathe with the 
wheels in gear, (See the general and the end views of t.he6" screw cu'" — 
lathe bed, and index for the part marked CP.) 

g. Explain the mode in which change ifht-fh are employed in a s 
catting laihe. The leading screw being of J-inch pitch, arrange, on a 
sketch, the change wheels as required for cutting a screw of [5 threads to 
the inch, marking the nuinbers on each wheel. 

10. Sketch and deacribe tbe mechanism for cutting a screw with five 
threads to the inch in a lathe where the goide screw has three threads to 
the inch. Assign anitable nurabera to the wheels which you would employ. 
(S. and A. Eiam. 1SS9.) 

1 1. The leading screwof a lathe is i-inch pitch, and rigU-hnnifed. Sketch 
and describe the arrangement whereby you would em^lti'^ Vnc \»fee. Vk 
cutting a screw of J-ineh pitcli, and lefi-hfiwAr^-. 

12. Deforibe the operation of cutting a sciew in ;v Va'iiP.c, sfcowii?.^^ 
wheels reqaJrer!, and how ther are placed to c\it a. ricbt-^MMvAeAftCTew f^vcL 

^fffil threads to tbe inch in a'lathe whose lewViog a«e^ « <>^ V"^^"^ -S**^ 
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13. Explain the use of change wheels in a screw-cntting lathe, 
desired to cut a screw of {-inch pitch in a lathe with a leading sci 
four threads to the inch, using four wheels. If both screws be 
handed, what wheels would you employ 7 (8. and A. Exam. 1887.) 

14. The leading screw in a self-acting lathe has a pitch of i inch ; 
an arrangement of change wheels for cutting a screw of finch pitch 

15. You are required to cut a left-handed screw of five threads t 
inch in a lathe fitted with a right-handed guide-screw of ^-inch ] 
Show clearly by the aid of sketches the change wheels which you \ 
employ for the purpose, indicating how they would be respectively ca 
and the number of teeth in each wheel. (S. and A. Exam. 1891.) 
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CONTKNTS. — Hydraulics — Definition of a. Liquid — Axioms relating to a 
Liquid at KesC — Transmission of Pressure by Liqaids — Pa,scal'd Law 
—"Head" or Pressure of a Liquid at DiHereot Depths— Tota! Pres- 
sare on a Horizontal Plane immersed in a Liquid — Sir William 
Thomson's Wire-testing Machine — Total Pressure on any Surface 
immersed in a Liquid — Examplea L II.— Questions. 

HydrauUca. — Hitherto the student's attention iias been con- 
fineil to HntiJ bodies, which were supposed to remain perfectly 
I'igiil and unchanged when jicted -upon by iovces. We shall now 
dii'ect his consideration to the properties and applications of 
another great division of matter — viz., liquids — which possess the 
marked opposite character of mobility under the action of forces. 
In nature we do not meet with either perfectly solid or perfectly 
liquid bodies; and consequently the practical engineer, when 
applying the formulie of the physicist to his machines and 
hydraulic works, has to make cei-tain allowances according to 
circumstances, with the aid of constants predetermined by experi- 
ence and experiment. 

The most common and the most u.seful liquid with which the 
engineer haa to deiil is that of water. Hence the term " hydraulic 
engineei-," aa applied to persona who direct and guide the action 
of waters, aa in the case of the water supply for a town, or for 
navigation purposes, or for the transmission of force and power. 
The term hydraulics, therefore, cojnprehends hydro- atatice, which 
is the science of liquidt in equilibrium, and hydro-dynaviics, the 
science of liquids iii motion. We shall only have flpa(« in this 
manual for an elementary inquiry into the former of these two 
diviiions of hydraulics. 

Seflnition of a Idquid. — A Uquid is n collection of partielts 
irkich tare perfecdy •movable about each other. In consequence of 
this property, a liquid i-equires some external force or resistance 
to keep its particles together, such aa the Bides of a vessel; for its 
molecules can be displaced by the smallest force, and are readily 
divided from each other in any direction.* 
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Axioms relating to a Lic[uid at Best. — It follows dii 
from the above definition, that when equUibrium exiats — 
~l« surface of a liquid at rent is horixontaJ ; 
if! gw/iwe of a liquid, at rest is m-eryvhTf perpend-iculari 
which acts vpon it : _ 

(3) A liquid at mat acted rm hy a force preaenta a surface wAirf 
is everywhere perpendicular to the direction of the force ; 

(4) A nwfface supporting a liq^iid at rest reacts eperi/wfiere per- 
pendieularli/ to the presBv.re of the liquid y 

(5) Ih ail cases of pressure on or from, liquids at rest, action atul 
reaction are equal and opposite. 

If Huch were not the case, eqiiilibriuin could not exist, and 
motion of the liquid woidd take place. 

Transmission of Pressure by Liquids. — Take a tight vessel 
filled with a liquid and litted 
with four frictionlesfi piston -valves, 
^v ^,. ■V",, "V^, of the savte area. 
Let the outward pressure on these 
valves be balanced by spiral 
springs, arranged so that they 
indicate the forces applietl to 
them. Now apply an inward 
force of, say, 1 or 5 or 10 lbs. to 
the spiral spring of valve V„ then 
instantly the other three springs 
of the other valves will register 
01 iJivL'iun. (in outward pressure of the ^ame 

amount as that applied. If the 
other valves had been of different areas from valve V,, their 
springs would have registered pressures corresponding with tiie 
ratio of their areas to the area of valve V,. Or the pressure per 
square inch on valve V, is communicated throughout the liquid 
to the other valves, and to every square inch of the internal sur- 
face of the vessel, with undiminished effect. 

Pasoiil'a Law. — Fluids transmit pressure equally and in all 
directions.* In the case of solids pressure is only transmitted 

hovtever email thot pre'lnire may bf, without being supported by lat«nl 
pressure, are called solids, and thoae which cannot are termed liquids." A 
perfect Kom'J i» therefore one in irMck ihrre in ab'olutely vo ' ' 
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change of volume. We say practicall}' because, althangh liquids are more 
' less compressible to a ver; small extent, ;et tbe amount is so small as 
lie negligible in the case of moat. ens^neetiTv^ fhToblema. 
' Here the word fluid hat. been n,B64 ms^eaA ol \vi\'\\a,M.\i>a\ii|,iiiswt 
<eraJ, since the term Huid inc\nde8 ■botti \\a;o\63 anft. ^usrae,. 
Lecture I., for the diBtiiictioB'beWeeTi5i\\t\«->4«.^o.=-¥.'^- 
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along the line of its action, and therefore we Imve in thiw law nn 
exemphfi cation of the fuadanientai (iiatinction between sohds and 
fluids. In Lecture XIX. we will explain several machines that 
depend upon the principle eDunciated by Pascal's law for their 
action. 

Head or PreaBUre of a Iiiquid at Different Depths. — 
Ima^ne a very small horizontal area, a (for instance, a sfuare 
inch), aitnated at a depth or height, A, inch&i from the free surface 
of a liquid, and that the vertical column from, a, to the sui'faco 
becomes solidified without in any wjiy disturbing equilibrium. It 
is evident that the horizontal and the vertical forces on the solid 
column must be separately in equilibriom, otherwise motion would 
ensue. Bnt the only vertical forces are the weight of the column 
downward and the pressure of the surrounding liquid upwards 
on the ba'ie, a. Therefore, 

The preaiiire upwards -= weight of the prism. 
Or, , . . p = haw. 
Where, ip, is the weight of every inch of its height or the weight 
of a cubic inch of the column. But the area, a, and the weight, w, 
are constant quantities for any particular unit of area and kind 
of liquid. Hence — 

Freamre varies directly as the depth from the free mia-fa/x. 
Or, pah. 

The technical term " hf.ad " expresses the above fact in a single 
word. For, when speaking of the working pressure per square 
inch due to a supply of water for a mill wheel or turbine, we say 
it has 10 or ao or 30 feet of head, meaning thereby the pressure 
due to a difference of level of so many feet, from the free surface 
of the wftt«r as it enters the mipply pipe to the free siuface of 
the tail race or discharge pipe. Since every foot of " head " of 
water gives in round numbers a pressure of I lb. per square inch, 
wa might have said that the pressure was 5 or ro or 15 lbs. 
respectively per square inch. Consequently, 

Preaswre varies direcUy as the head. 

Total Pressure on a Horizontal Plane immersed in a 
Xiiquid. — Take a vessel of o/ny shape having a hoiizoiital base, 
and fill it with a liquid to any known height. Then from the 
above proof it follows that, 

t height in inches Jrom hose to awr- 
/me x»>-™o/ta.m «!•,»». 
\vme» X i))ei<)M. oj a, cnitowi 
iiicfc 0/ tliA liquid,. 
for, pressm-e per sq. in., p = 7taw, when, a.= \ ac^usLxe "v^eo.* 
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Consequently, if the total area of the horizoutfil plane be equal 
to, (I, square intlieM, instead of i equai'e inoli. 
The Total Premire = hiiw. 
This proves that the shape of the vessel containing the liquid, and 
the total weight of water in the vessel, do tioI in any way a^ffect the 
total preaaure on the baae. For, it depends solely on the difference of 
level between the base (or immersed plane) and the free surface, on 
the ai'ea immersed, and on the weig'ht per unit volume or specific 
gravity of the liquid. 

This property results iu what used to be termed the hydroatatk 
pnradox, which is very well illustrnteil by Sir "Wm. Thomson's 
apparatria for testing the tensile strength and percentage elonga- 
tion of the sheathing wires used for covering and protecting the 
insulatpd conductors of submnriiie cables. 

air Wm. Thomson's Wire-testing Machine, or Hydro- 
stEitlo Paradox. — W represents the wire to be tested, which Is 
fixed to the clips C, 0,. UB is a circular hydrostatic bellows, 
3' diameter, with india-rubher 
sides. WDj is the bottom wooden 
disc attached by bolts to an iron 
{ri|H)d T, whicli is connected at its 
centre to the dip C, ; while WD, is 
an upper wooden disc rigidly fixed 
to the wooden framing WF. II is 
a handle keyed to the screwed 
spindle S. HS is a hydrostatic 
scale, fixed behind the vertical glass 
tube which is fitted into a short 
brass cylinder passing throueh 
WD, and into HB. ES is the sciile 
for measuring the percentage elon- 
— gation. The upper end of this scale 
THOM- ■■ ir I I ,r ia fixed to the wire W, and the 

Wjhl-i l --i j I, ii 11 ili ,1 lower end is free. There ia a clip 

pointer P which is affixed to 
each wire before testing it, and moved up or down until it is 
opposite to the zero of the scale ES. 

Method of Testing Wire hi, this Machine.— (i) Turn the handle 
H backwards until C is as far down as it can get. (z) Fix wire 
in clips, and attach the pointer P so ss to be opposite the zero of 
scale E8. (3) Turn the handle H forward, thus lifting WD„ and 
fitretching the wire, by forcing wateT wd the glass tube in frontof 
HS. This gives the necesssvvy " \\ena," h, ox -^te^axKa iw^HaSSBn 
d/ff'ei-enco in level between the itee sttvlacfc AXi \^ie ^T%B6Vii!a6«i 
'e bottom of the woodeu base^NTi,. t\v^^ve<^«v ^V^'^^^ «^ 




of this base gives, a, and hence the totjil puU on the wire is = haw. 
(4) Note the elongatiou by the scale ES, and the total tensile stress 
by the scale HS, at the moment the wii'e breaks. WD, falls upon 
stops, BO as not to injure the india-rubber hydrostatic bellows 
HB. 

This mfichine was used in 1872 -73 by the Author and others 
in testing all the sheathing wire for the Western and Brazilian 
Company's cables. The homogeneous wii-e gave an average of 
55 tons per squa,re inch. 

In this machine we see that, owing to the jMn^wnrerjits principle 
enunciated above a few pounds weight of water can produce a 
stress of many hundreds or even thousands of pounds by simply 
giving it " Jiead," through a small tube in connection with an 
enlarged area. 

When the sides of a vessel taper towards the top, as in the ease 
of a wine bottle, the liquid pwsHing vertifully upwai-ds upon them 
produces a reaction on the base, which makes up for the want of 
weight of liquid which would bo naturally due to direct vertical 
pressure in the case of a cylindrical vessel. 

Total PreBSure on any Burfaoe immersed in a Iilquid. 
— Let a surface of an>j shape be immersed in a liquid of aw/ kind 
to anff depth, ns illustmted by the following figures. Then, by 
applying the previous proofs, and a property of the " centre of 



1 




^V End View, Side View. 

^ PnassuBB OK ant Siteface immbeshu ik a Liquid. 

gravity " (which afHrniB that the mean perpendicular distance from 
any pUme, is equal to the ditlance frovi the eg. of the surface to that 
plane), ve find, that the total preagwre on the immersed surface is 
^" inted by the following equation : 
P=HAW.« 
P = Pi-esRur6 (total) in lbs. 
H= Height from e.g. to free surface in feet.* 
A = Area in square feet.* 
W = Weight of a cubic foot of the \k\\wV.* 
i> AmniUa wiU be easily rememkeied by "BBft^B^QieB, los 'Ct>'i^ ^s* 
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Example I. — Find the total pressure on the bottom of n 
cubical tank having a bottom 4' x 4' and filled with water to a 
depth of 4'. 

Answer. — By the above formula — 
P = HAW. 
P = 4' x (4' X 4') X 62-5 lbs. - 4010 IbB. 



We may ii 



!iik that 6z'4 lbs. is nearer the weight of n 
piibiti foot of fresh water, and thnt a tank 
4' X 4' X 4' Iiolds 100 gallons = 1000 Iba. = 
i'8 tons of fresh water. 

Exam: p LB 11.^ A rectangular tank for 
holding water has a vertical aide whose 
dimcoBioDB are 3 feet vertical by 4 feet 
horizontal. An open pipe is inserted into 
the cover of the tank, and water is poured 
in until the level in the pipe is 7 feet 
above the base of the tank. Find the 
p[«ssurG on the verticn.! side and the reduc- 
tion of pressure when the water in the 
pipe is allowed to sink ij feet. (The 
weight of a cubic foot of water = 'i2.s Ibn.) 
(S. and A. Exam. 1890.) 
"■ ■■ Answer. — In the first case, 

Height from e.g. of side to free surface = 
Area of this vertical side in sq. ft 
Weight of a cubic foot of water 
By the above formula, 
The total pressure P, = H,AW. 

•■• Pi = S-S'x 12x62.5 =4126 1^8- 
In the second case, when the free surface is lowered by li ft 




. = 5-5- 
= A =3'x4"=i2sq.l 
-" -2.5 lbs. 



except the H, n 



everything remains the s 
from H, to H, = 4'. 
By tiie formula, 

P, = H^W. 
.'. P, = 4X 12 X 62.5 = 3000 lbs. 
Consequently, the reduction in pressure is the diffi 
these pressures. 

Or (P, -P,)-4i2S lbs." 3000 lbs. = 1125 Iba. 

fond of saying HAW I HAW I The student will obaerve that we have snd- 
denl? jnmped from lieights in inches to those in feet, areas in Equare inchss 
to Ibose in sgiiare feet, and weights of cntAc itches to those in cubic feet. 
This is because the usnal nnila of racaatttcTOetA m >i-^ft.t».-oSit* «i%\<i*»., 
uamfeet, and cubic feet, and because. \\»c ■«e\%\i\.ol -no.'iRiiV^woJWi&ii 
■koned by 62.5 Jbx. per cubic fool, 
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LEcruHE XVII. — Qeebtions. 

Rt. DBflnethetermsliquiil,hjclrci-Etatios,hydro-djnainics,Hi!ndlijclwulica. \ 

3. Give the chief properties of a. liqnid, stating wherein it differs from k 

aolid and a gaa. 

3. Describe and iUuatrate any experiment, other than the one referred to 
in tbi£ Lecture, to prove the law of transmission of pressure by liquids. 
State Pascal's law, 

4. Describe the nature of fluid pressure. A mass of stone when placed 
ia water feels lighter than when it is eituated in the open air. Will you 
explain the cause of this fact, and state the difference of weight per cubic 
foot of water displaced 1 

5. What ia meant b/ " head '' in relation to water supplies for developing 
power? Oive an example. 

6. Explain how the pressure on the hase of avessel is quite independent 
of the shape of the vessel, aod the total weight of water it holds. Illus- 
trate your remarks by showing a series of connected vessels of very differ- 
ent shiLpes, but with each of their bottoms of the same size and on the 
same level, and GUed with water to the same height. 

7. Sketch and describe Sir Wm. Thomson's wire-testing machine, and 
e^^lain how such a great force is olDtained thereby from such a Bmall 
quantity of water. 

S. How is the pressure of water on a given area ascertained I A tank, 
in the form of a cubical box, whose sides are vertical, holds 4 tons of water 
when quite full ; what is the pressure on its base, and what is the pressure 
on one of ite sides T Aru. 4 tons ; z tons. 

g. A water tank is 13 feet square and 4 feet 6 inches deep ; find the pros. 
auxe upon oce of the sides when the tank is full. Ana. S226'56 lbs. 

to. State approximately the inorcai^e of pressnrc to which a diver would 
be exposed when working at a depth of 50 feet below the aurfaoa of fresh 
water. Am. About 22 lbs. per square inch. 

II. In the vertical plane side of a tank holding water, there is a rectan- 
gular pbite whose depth ia i foot and breadth 2 feet, the upper edge being 
horizontal, and 8 feet below the surface of the water ; find the preesore on 
the plate. Ana, lo62'5 lbs, 

13. The base of a rectangalar t-ank for holding water is a square, 16 
square feet in area. The sides of the tank are vertical, and it holds 250 
gallons of water when quite full. Find the depth of the tank and the 
pressures on each side and on the base when quite filled with water. 
(S. and A. Exam. 18S8.) Am. 2-5 feet ; 781-25 lbs. ; 2- 500 lbs. 

13. A rectangular tank for holding water has a vertical aide whose 
dimensions are 4 feet vertical by 5 feet horizontal. An open pipe is in- 
serted into the cover of the tank, and water is poured in until the level in 
the pipe is 10 feet above the base of the tank. Find the pressure on the 
vertical side and the reduction of pres-sure when the water in the pipe ia 
allowed to sink 2 feet. Aus, lo,ooo \bn. ; 250a lbs. 
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LECTUBE XVIII. 

CoKTBNTS.— Useful Data regarding Fresh and Salt Water^ExainpIes 
1. n. Ill, IV.— Centre of Preasiire— Icomersioa of Solids— Law o£ 
Archimedes— Floating Bodies — EsamplE V.^ Atmospheric Pressure— 
The Mercurial Barometer — Example VI. — Low Pressure and Vacanm 
Water Ganges— Eiam pie VII. — The Siphon — Qaestions. 

TTseful Data regarding Fresh and Salt Water. — We will 
commence this Lectui*e by giving some utieful data regai'ding the 
weights, itc., of frewh and salt water, and then work out a few 
more examples for the pressures on immersed Burfaces, finishing 
with the immereion of solids in fluids, Jk. 

'Specific gravity • = i . ^_ 

I cubic foot weighs 62-5 lbs., or loao oz. ^H 
I gallon weighs 10 lbs., or 160 oz. ^H 

I ton occupies 35'S4 cubic feet. ^H 

I atmosphere = 14-7 lbs. per sq. in. = 29-92 in. 

mercury = 33'g (aay 34) ft. head of water. 
I foot of head = '43 lb. on sq. in. 
I lb. on the eq. in. = 2'3o8 ft. head. 
H.P. in a. waterfall = cubic ft. per minute x 
. head X 62-5-;- 33,000. 
Specific gravity*= 1-026, 
I cubic foot Tveighe 64 lbs. 
r gallon weighs loj Iba. 
I ton occupies 35 cubic ft, or 218J gallons. 

Example I.— A cubical box or tank 
with a closed lid, the length of a side of 
which is 4 feet, rests with its base hori- 
7,outal, and an open vertical pipe enters 
one of its sides by an elbow. The tank 
is fuU of water, and the pipe contains 
water to the height of i foot above the 
top of the tank. What are the pres- 
sures of water on the top, bottom, and 
sides of the tank ? (Given the weight of 
a cubic foot of water = 62 J lbs.) (8. and 
A. Esam. 1887.) 

f llie weight of a given bulk of a sub- 
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AifBWEB. — (1) For the pressure on the top — 
The depth of e.g. of the top from free surface = H = i'. 
.'. Total preaaure on top = HAW= i' x (4' x 4') x 62-5 lbs. = 
1000 lbs. 

(2) For the pressure on the bottom — 

The depth of e.g. of the bottom from the free surface = H = 5'. 
.". Total pressure on bottom = HAW = 5' X (4'x 4') x 62-5 lbs. = 
6000 IbB. 

(3) For the pressure on each of the nd&s — 

The depth of eg. of each side from the free surface = H = 3'. 

.". Total pressure on each side= HAW = 3' x (4' x 4') x 6z 5 lbs. 
= 3 000 IbB. 

Example II. — A cyhndrica! vessel, 30 
inches long and 6 inches in diameter, \» 
sunk vertically in water, so that the base, 
which is horiKoutal, is at a depth of z'^ 
incbea below the surface of the water. 
Find the upward pressure in pounds (in 
the base of the vessel. The weight of ■■< 
cubic foot of water is 62! lbs., a,ndjr = 
3-1416. (S. and A. ExamriSSg.) 

Answer- ^The depth of e.g. of the base f 




i free surface 



,s = H = ^ = 



2-083 feet. 



X ■5' = -i96 aij. ft. 



.'eight of a cubic foot = W = Ga-5 lbs. 
1 ba8e = HAW = 2 



■196x62-5 = 



Example III, — A water tank, S feet long and 8 feet wide, with 
an inclinetl base, is 1 2 feet deep at the front and 6 feet deep at 
the back, and is filled with water. Find the pressure in lbs. on 
each of the four sides and on the base ; water weighing 62 J lbs. 
per cubic foot. 

AsswEa. — In answering a (piCKtion of this kind the student 
will find it best to di-aw a figure representing the water tank and 
the positions of the centres of gravity of eaalt side and of the base 
in the manner shown by the accompanying illustration. The only 
point that presents any difiiculty is the e.g. of the aide DEFC, 
and of the correspondingly opposite one. This might be done by 
fii-st finding the e.g. of the D DEFH, viz., G, ; second, of the 6. 
HFC, viz., Gj; thii-d, by joining these two pam^vrWua.XoiaGJj 
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and taking a. diutuuce along it from G, towiu'dij G, inversely pi'o- 
portional to the areas of the D DEFH and the A HFC ; this 
would give a point G, the e.g. of the whole side = 4-6' from surface. 
But it will evidently be easier to ti'eat the pressures on the D 
and A separately, and then to add them together in order to 
obtain the total pi'essure on th« whole side DEFC. 




L 



G| represents cenlre of gcnvitj of area ABCD 
G„ ,, „ „ DKFH 

G, ., „ „ HFO 

G, „ „ „ E>fMF 

G„ „ ,. .. BCFM, 

Let H,, H„ kc., represent depths of G„ G„ &c. 

Gj is J of liC below the line HF (see Lecture III,, re position of 
c.ij. of certain areas). 
.•. H, = 6 + | = 8'; H. = 1EF = 3'. 

1 the edgei) 

H, = KDC4-EF)=i{i2 + 6) = 9'. 
Total pressure on aii;ii^ 



OWTRS OP PBRSSTRK, 



= 'S,A^W = 8'x{-, x8')x62S =120001b8. 
= DEFH + HFC=9ooo+i2ooo = 21000 „ 



BCPM = IL,A,W = ci'> 



EzAMPMi IV. — A sluice gate 
'is 4 feet broad and 6 feet deep, 
and the water rises to a height 
of 5 feet on one side and 2 
feet on the other side. Find 
the pressure in pounds on the 
gate. 

Answer. — The net pressure 
on the sluice gate is evidently 
equal to the difference of the 
pressures on the two sides. 

Total presstire on — 



(6' x8')x62-5 = eoOO , 
(io'x8')x62-5 =45000 ,, 



?£=c=^^^^& ^:3£^^3£^^ 




Nktt Prkssube ok Sluice Gate. 



act aide =IT|A|W= 2'5' x (4'x 5') x 62.5 = 3125 lbs. 

■ont side=RjA,W=!' x (4' x 2') x 62.5 = 500 „ 

Siibtmcting the front from tlie back I 

pressni-e we get the net pressure 1 



= 2625 lbs. 



Centre of Pressure.— In the case of a plane area immeraed 
in a liquid, the " centre ofpreseure " is the point at which the re- 
sultant of all the pressures of the fluid acta. If the plane be 
horizontal, the resultant naturally acta at the centre of the figure, 
find therefore the centre of preaaure agrees with the centre of 
gratntij of the figure. In the case of a vertical rectangle, having 
one of its edges in the surface of liquid, like a dock-gate or a 
sluice, the centre of pressure will he at a point ^ of the depth from 
the free surface and at the middle of the breadth of the immersed 
portion, "We will have to prove tLis in our Advanced Course, 
and perhaps refer to the position of the centre of pressure in 

Immergion of Solids. — Law of Archimedes. — If a solid 
be immersed in a.ny fluid (whether li(|i]id or gas), it displaces a 
t|U«ntity of that fluid equal to its own voinme. This is evident 
from the principle of impenetrability — viz., "tiro boilies ciijmol 
oecwpii the same epace at ike aanie lime." 

Hence we have a simple method of detenmimi^ \\\ft vaVcwftfe lA. 



I 
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I 
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any h-regular boilj' by plunging it into n liquid, and noting tbe 
cubic contentn of the lii)iii<I dinplncci), by letting it run into » 
measm-e of known capacity, kucIi as a graduated jar. This prin- 
ciple wii^ 6i«t dixco^'ered by Ardiiinedett, a philosopher of 8yrar 
ciiHe, in the year 250 b.c:. The story of this discovery is related 
liy VitniviuB, who states that Hero, a king, sent a certain weiglit 
of gold to a goldsmith to he made into a crown. Suspecting that 
the workman had kept batk part of the gold, he weighed the 
crown, but found that it was the same aa tlie weight of the gold 
previoQsly sent by him to the goldsmith. He was, however, not 
Katisfied with this test, xo be consulted ArchimedeH, and asked 
him whether he could find out if the crown was adultoratnl. 
Not long afterwards the philosopher, on going into his bath 
(wliicb happened to be full of water), observel that a quantity of 
the water was displaced. He immediately conjectured that the 
water which ran over must be etjual to the volume of the immersed 
pait of his body. He was so overjoyed at the discovery that he 
jumped out of the bath and nin naked to the king, exclaimlDg, 
Eipjinal *i'(»j«ci! {I have discovered ! I bavefoundout )) He thai 
l>Bgan to experiment with the crown by taking a quantity of pure 
gold of the same weight, and observed its displacement in water. 
Next he attoertained by the same process the volume of the same 
weight of silver, and flnaJly the volume of the crown, which 
actually displaced more water than its ecjuivatent weight of pure 
gold. In this interesting manner the fraud of tbe artificer was 
detected, to bis great astonishment and chagrin, and a. Jaw of 
Nature 
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Pleating Bodies. 

entirely snppoi-twl liy I 




A body is said to float in a fluid when it is 
liiiid. In oi'der that a, body may float, 
the forces acting upon it miut 
be in equilibrium. Now, hb 
may be seen from the case 
illustrated by the accom- 
panying figure, there are 
only two forces to he con- 
sidered — via., the weight of 
the body acting vertieoHs 
downwards thi'ough its centre 
of gravity G,, and the pres- 
sure of the liquid acting wr- 
tically uptcards through tlie 
centre of gravity G, of the 
fluid. Tlie horizontal pressures of tbe liquid on the 
body are in equilibrium by themselves, and simply tond to com- 
pi-esB it so that they do not aSect ftift i^b^\oti. the upward 
ia<esBure of the liquid muatbe eqoai to 'iio 'wei^'i. i&\!D&\iQi^^^ 1 
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it IK oqurtl to the weight of tho voLiimd of tho fluid displncoil), 
otlierwiae the body woiilfl rise or stdk. Furthcv, the centi-es of 
gravity of the body and of the displaced fluid must be in tho gome 
vertical Ktis. For if not, thet'B would be an arm ot a couple between 
tbem, which would enable the two forces to tui'ti the body. But 
it is in equilibrium. Hence tho conditions of equilibrium for a 
floating body are — 

1. The weight o/tke body must be equal to the weiykt oftkejlwd 
di»ptaced. 

2. The eentre» of yraiyily of the body arul of the fluid displaced 
musl he in the same ijertiaal line. 

As a natural deduction from the above proof we conclude that 
a body cannot float in a liquid of lesB speciiic gravity than itaelf. 
A solid glass op metal ball will float in mei-cury, but not in water. 
If the specific gravity of a body be the same as that of a liquid, it 
will float totally submei'ged. If the body and the liquid are each 
inoompressible, the body will float indifferently at any depth. If 
the body be incompi-eesiblo, but be placed in a compresfiible fluid, 
such as air, the Ixidy will rise or fall until it finds a place where 
its mean specific gravity is tlie same as that of the displaced gas. 
This is exemplified by the case of a balloon filled with a gas lighter 
than air. It rises until it arrives at a height from the earth where 
the combined weight of the machine and the gas contained therein 
are equal to the weight of the 
same volume of air.* 

EiiMPLB V. — A rectangular 
tank, 4 feet square, is filled 
with water to a height of 3 feet. 
A rectangular block of wood, 
weighing 125 Iba., and having 
a sectioQal area of 4 square feet, 
is placed in the tank, and floata 
with its sides vertical and with 
this section horizontal. How 
much does the water rise in the 
tank, and what is now the 
pressure on one vertical side 
of the tank? {S. and A. Exam. 1892.) 

Ansu'Eb.— The answer to the first part of this question depends 
on the application of the principle enunciated by Archimedes — 
viz., that the volume of the water displaced by the block of wood 
is equal to the volume of the wood immereed. 

het a^ represent the height that tbe wo-tet ' 
when the block ot wood is placed tlierein. 
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t le!i<,- 



the subject of metacenUes., tkc. 
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1 80 iTcrrmis xffit. 

Then, the ifnght of \ t the volume of water diaplneed by 
irntm- displaced \ = \ in ciibie feet x 6zi lbs. (the weignt 01 
in lbs. ' \ a cubic foot of water. 

.'. 125 = Vx64=Vx^ 
.*. V = 2 cubic feet. 
Owing' tn this volume of water beinff diKplnced, tlie level of the 
wnter in the tank will rise from L|M,. to LjM,. But the vohime 
nf water between theno two Burfafieti ia equal to the volume 
LjMjL^j, iminuB the volunie taken up hy the block between 
those two flurfacen. The volume included between the two sur- 
faces = 4' X a: cubic feet. The volume intercepted by the block = 
4 X 35, since the cross-sectional areas of the tank und block nre 4' 
and 4 square feet respectively. 



.*. a;= — = g foot, or a ineliea. 

Next, we have to find the preesure on one. of the vertieal sidw 
of the tank. Here the depth of the centre of gravity of the si-en 1 
of the side snbjected to pressure below the free Rnrfaee of the | 
wat«r is 

H-!r,,K-}<3' + i').Ste,t. 

,■. robrf prM«Mre tm OT'rfe -- P •= HA W 

.-, P = ij'x{4X3^)sq.ft.x62Ub«. 

Or, ... P = 12B3471ba. 

Atmospherlo Pressure. — Surrounding the eai-th'e sui-face 
there is a deep belt of air, which gets i-arer and lighter the 
higher we rise from the earth. If we consider the case of a com- 
plete vertical column of this air, we find that it produces ao 
average pressure on the earth's surface of about 15 lbs. ; or, in 
other words, we say that the atmosphere produces an averap 
pressure of 15 lbs. on the square inch, for we find that it will 
balonee a vertical column of mercury of about 30 inches, or » 
vertical column of water of 34 feet. We do not experience anj 
inconvenience from this normal pressure of the atmosphere, 
because we nre so constituted as to be able to resist it. Should we, 
however, enter the closed compressed air-chamber of the lmde^ 

Ound workings ot a railwuy tunnel (swcb ns those in operBlioa 
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at the present time for tlitj consti'uctioD of the Gld^ow Central 
Eailway), or the caissoDa of a great bridge while they are being 
titmk (hh in the caae of the Forth Uridge), or go down into the sea 
in a diving-dress or diving-bell, then we do feel a most wiKwnt- 
Jvrtable sensation in our ears, eyes, ifec. Or, if we climb a very 
high mountain, or ritie fur into the air in a balloon, we have a some- 
what similar sensation, but due to an opposite effect— viz., a 
dimiuatiou from the normal pressoi'o to which we ai'e accustomed. 

Hhe Mercurial Barometer. — The pressure of the atmosphere 
is usually measured by a mercurial barometer, which consists of 
a vertical tube of giants about 33 iachea long, of uniform cahbi'e, 
hermeticaUy sealed at the top end, into which has been carefuLy 
introduced mercury freed from air. The lower end dips into an 
open dish containing a quantity of that liquid metal. Conse- 
quently the presaui* of the atmosphere acting on the meifury in 
the open dish forces it up inside the tube to a height directly 
proportional to its pressui'e, since there is supposed to be a 
perfect vacuum between the upper sui-face of the mercury and 
the closed end of the glass tube. 

ExampIjE VI.— Suppose the height of mercury an registered by 
a mercurial barometer is 30 incheti, and that the specilic gravity 
of mercury be taken us 13-6, what would be the height in feet of 
a water culumn whiuh would support the same atmospheric 
press uro i 

AH69IE&. — I ; i3'6 :: 30 inches:^: 

.". ji = 30 X 136 = 40S" = 34 feet. 

Xiow FresBure and Vaouum Water Gauges.*— It is ofteu 
necessary for the engineer to measure low pressures or vacuiiuts of 
gases. For example, in the supply of illuminating gas to a 
town, or in the pressure of air feeding a boiler furnace by natural 
or forced draught, or the vacuum produced by a chimney- 
stalk; or, in the case of the vacuum in a coai mine produced 
by a furnace below the earth, or by a guibal fan situated 
near the upcast shaft, ^. In such cases, as well as in many 
others where low pressures have to be observed, the force is not 
i-eckoned by pounds per square inch, or by inches of mercury 
sustained in a vertical column, but by the number of inches of 
water which the pressure will support or which the vacuum will 
detract from the atmospheric pressure. 

The accompanying hgure illcuitrates the apparatus usually 
employed in determining such low pressures. It consists of a 

* ITor ii, desoiipLiun of meruurial preuHuie aud vacuum gauges, an well as 
Boiirdon's LigL-prejisure usd vacuum gauges, refer do tlie Authut'a Kle.\a«,n.- 
tai'y aud Advaacini liouLs un " titeaui imd meu.iu l^u^icei.'' 
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Gas E' 



Uauoe. 



mple beut U sIlies tube with a MCale between the vertical 1b( 
the U, divided into inches and tenthu of uu iuch, eo that 
the preeaui-e oi- the vacmim may be read off iu inches of water 
pressure, accoi-ding as the forward pres-sure from tlie point of 
supply is positive or negative in respect to the pressure of the 
atmosphere. For example, let the legof 
sc tlie U tube next the cock be connected 

jw-^^— r t" '■^^ S"^ P'P^ **f ''' house, then the 
Ai-I-S,-^*" pressure of the gas supply acts on the 
water in the right-hand leg of the tube, 
and foi-ces it downwards, whilst the 
water in the other leg rises coi'respond- 
irigly. The reading observed on the 
scale S, below or above the zero or 
equilibrium line, has of course to be 
doubled in oi-der to ascertain the exact 
total pressure in inchcH of wat«r. H 
the U tube be connected to a vacunm 
iegative pressure, then the water 
rises in the inner leg of the U tube, 
owing to the greater pressure of the 
atmosphere on the outer limb, and the 
inches of water representing the amount 
of tlie vacuum are accordingly read off 
in the same way. For example, if the 
appaxatuB be connected to the boee of 
a steam boiler chimney, or to the inlet of a guibal fan creating 
a draught in a coal mine, then the suction produced forms a 
vacuum which requires the supply of atmospheiie aii-, and con- 
Bequently the air pi'esses on the open water of the outer limb of 
the U tube, and forces it downwards. The vacuum is therefore 
observed and recorded by ad-ding the inches of water below and 
above the zero line. 

Example VII.— A difference of level is observed of 4 inches 
between the outer and inner limbs of a (J tube water-gauge. 
What is the pi-essure of the gas supply in lbs. per square inch t 

Answer. — A vertical column of 34 feet of water corresponds to 
15 lbs, pressure on the square inch. Consequently, 
(34' X la") :4'':: IS i^--^ 
,r = 'S_JLi =31, or nearly I of a lb. per sq. in. 

The Siphon is simply a bent tube for withdniwing liquids' 

from a higher to a lower level "by aid of the atmospheric pressure. 

•9 used iu chemical laboratories and \iQvki\ for emptying acidb 



Index to Pahtb. 
SC represents Stenm or 

gas cock. 
GT „ Glass tube. 

S „ Scale. 
W „ Water. 
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from ciirboys, in breweries and distilleries for extracting beev 
from vats and spirite from casks, in the crinal glass tube of Sir 
Wm. Thomson's I'ecorder for conveying ink from tlie ink-pot to 
the telegraph mese><ige- paper ; 
and on a large scale for dmiuing 
low-lying districts, such as the 
fens of Liacolushii-e. 

The conditions for the success- 
ful working of a siphon me, 
that— 

1 . The liquid shall be carried 
by the outer limb of the tube to 
a tower leeel than the surface of the supply. 

2. The vertical height from the free surface of the liquid being 
drained to the top of the bend of the siphon shall not be greater 
than, the height of the water barometer at the time — say only3o feet 
— on account of the necessary deduction of 3 or 4 feet to be made 
from the full height of 34 feet, due to hai-ing to overcome the 
friction of the pipe. 

3. The end of the siphon dipping into the li<.|uid to be drained, 
shall not become uticovered. 

To start the siphon, either the tube must be filled with liquid, 
the ends closed, and the siphon inverted, with the shorter limb 
under the fliud to be drained, before uncovering the ends ; oi', 
whilst the shorter limb is in position a vacuum must be formed 
in the siphon tuhe by extracting the aJi' from the end of the 
lougei' leg. 

The principle upon which the siphon acts is as follows : — 
A vacuum having been formed in the tube, the pressure of the 
atmosphere acting on the free surface of the liquid to be drained, 
forces it up the ahoi-tei' limb, and having turned the highest 
point of the ri it naturally descends the longer Umb by the action 
of gi'avity with a velocity propoi-tionate to the difference of level 
between the outlet and the free sui'face of the source of supply. 
The outdowing liquid if> always acting as a water-tigiit piston at 
the bend of the f), and in this way keeping up the vacuum there, 
until either the inlet and the outlet fi«e surfaces come to a level 
(when the siphon stops for want of " head "), oi', when the differ- 
ence ot level between the fi-ee surface of the supply and the top 
of the bend exceeds the height suppoi'tahle by the atmosphere, 
when it stops for want of breath or atmospheric pressui-e. 
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LECTUltE XVIU. — QUESTIONS. 



Lbctubk XVUI. — QuBsiiuNa. 

1. What are the respeotivo specific gravities and the weights per cubic 
foot and per kbIIoc o£ fresh and of Eult water ? 

2. A cyliadrical vessel, 12a inches long and 10 inches in. diuneter, ie 
sunk vertical!; in water, sa that the base, which is horizontal, is at a deptb 
of 100 inches below the surface of the water. Mnd the upward presaiuc 
in pounds od the base of the vessel. An,». 284*2 lbs. 

3. A cubical box or tank with a closed lid, the length of a side of which 
is 5 feet, rests with its base horizontal, and an open vertical pipe enters 
one of its gides bj an elbow. The tank is full of fieiih water, and the pipe 
contains water to the height of 10 feet above the top of the tank. What 
are the pressures of water on the top, bottom, and sides of the tank! 
Ant. 15,625 lbs. ! 23,43?.5 lbs. ; i9,53i-25 lbs. 

4. A water tank itf long, rrf wide, with an inclined base 10' deep at one 
end and 5' at the other end, is Glled with fresh water. Pind the pressure 
in pounds on each of the four sides and on tbo base. Ana. 31,250 lbs. ; 
7,812-5 lbs. ; 18,229-16 lbs. ; 52,500 lbs. 

5. A lock gate is 12 feet wide, and the water rises to a height of 8 feet 
from the bottom of the gate. What pressure in ponnda does it sustain 1 
The weight of a cubic foot of water is 62i lbs. Ans. 24,000 lbs. 

6. A vertical rectangular sluice gate, measuring 2 feet horizontal by 3 feet 
vertical, is immersed so that its upper side is 4 feet below the surface of the 
water pressing on it. Find the pressure on the gate ; you are requited to 
explain the reasoning on which jfour calculatioD is founded. (8. and A. 
Esam. 1891.) A-aa. 2062-5 Ihs. 

7. What is meant by the " centre of pressure '' in the case of a plane 
surface immersed in a liquid 7 If the plane be a horizontal circle, where 
does the centre of pressure act I If it be a vertical rectangle 10 feet wide 
and G feet deep, immersed in water so that the upper edge of the rectangle 
is flnsh with the surface of the water, where does the " centre of pressure " 
act 7 Ana. at the centre of the circle ; 4 feet below surface of water. 

8. State the law discovered by Archimedes, and the conditions for a body 
in equilibrium lloating in a liquid. A cylinder 10 feet long and 2 feet in 
diameter Qoats in fresh water, witL 2 feet projecting from the surface ; find 
the weight of the cylinder. Aiit. 1,571-41 lbs. 

9. A rectangular tank, 5 feet square, is filled with water to a height of 
7jfeet. A rectangolar block of wood, weighing 312-5 lbs., and having aseo- 
tional area of 5 square feet, is placed in the tank, and floats with its sides 
vertical and with its section norizontaL How much does the water rise 
in tbo lank, and what is now the pressure on one vertical side of the tank! 
Ant. 3 inches ; 10,000 lbs. 

10. The mercurial barometer registers 31"; calculate the height of columns 
of fresh and of salt water that will balance the corresponding pressure. 

It. Sketch and describe a mercurial barometer, tjtate how it is made, 
and how it acts as a register of the pressure of the atmosphere. 

12. Describe some simple form of gauge which would enable Tou to 
measure the pressure at which gas is supplied, and explain the priadpleoa 
which it is constructed. 

/J. i^ketch and explain the action o( the siphon, lindgiveafewpractieal 
examples of its use. Also &tiLlean0.ei-«\vit m.tcvnii!.Vi't.t'ai.\\.lM.\a'>iiiifoik. 



LECTURE XIX. 

COKTENTS. — Hydraulic MacLineB — The Common Snolion Pump — Enampla 

I.— The Plunger, or Single-acling Forte Pomp — Example II.— Force 

I** Pump with Air Vefisel— Contiauoua-Jeliverj Single-acting Force 

^B Pump without Air Vessel — Combined Plunger and Bucket Pump — 

H Double-acting Force I'ump — Example III. — Questions. 

Hydraulic UaohineB. — The CoEnmon Suction Fump (^onaiutx 

of a bored eaat-ii'on barrel PB, terminating in a suction pipe, SP, 
fitted with ti perforated end or rose E, which dipa into the well 
from which the water is to be drawn. The object of the rose in 
to prevent leaves or other matter getting into the pump, that 
might clog and spoil the action of the valves. At the junction 
between the barrel -and suction pipe there is fitted a suctiou valve 
SV, of the hinged clack t^pe faced with leather. The piston or 
bucket B is worked up and down in the barrel of the pump by 
the force P, applied to the end oE the handle H, being commu- 
nicated to it thivsugh the connectiug link of the hioged piston* 
rod Pit. In the centi* and at the top of the bucket is fixed the 
clack delivery valve DV, which is also faced with leather iu order 
to make it water-tight. The bucket itj sometimes packed with 
leather ; hut, as shown by the figure, a coil of tightly woven flax 
rope wrapped round the packing groove would be more suitable 
in the present instance. 

Action of the Suation Pump. ^{t.) Let the bari'el and the suc- 
tion pipe be filled with aii- down to the water-line, and let the 
bucket be at the end of the down stroke. Now raise the bucket 
to the end of the up-stroke by depressing the pump handle. This 
creates a vacuum below DV ; therefore the air which filled the 
Buetion pipe oii/y, expands, opens SV, and fills the additional volume 
of the barrel. Consequently, according to Boyle's law, its pres- 
sure must be diminished in the iiivene ratio to the enlargement 
of its volume.* This enables the pressure of the atmosphere 

■ The student maj refer to Leotme XII. of the Author's Elementary 
Uanoal on " Steam and the Ijteam Erig;ine," for an explanation and demaa.- 
stration of Boyle's law ; where it is shown Ibat U ])=ttie ^lesa-iie 'A *. 
gaa and e—ile volume, then at a onitoim tempeiaUaft pu=u. wiiw'Jim^'i^' 
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(which acts constantly on the surtaoe of the water in the well) W^ 
force a certain quantity of watei' up the auction pipe, until the 
weight of this column of water and the pressure of the air 
(between it and the delivery valves) balance the pressure of t!ie 
outside atmosphere. 



H represents Haniilp. 

Push or pull at A. 
Fulcrum of H. 
Jlonger rod. 
Pump barrel. 
Spout. 




Suction valve. 



^^^ to escB 
^^ (3) 
^^^H the ah 

^^H^ vebei 



(a) In pressing the bucket to the bottom of the barrel bj 
avating the handle, the suction valve closes and the delivery 
opens, thereby permitting the compressed air in the^liaiTel 
to escape through the delivery valve into the atmosphere. 

(3) Raise and depress the piston sevei'al timea so as to' produce 

the above actions over again, and thus gradually diminish the 

of the air in the punvp U) a tamvniiim.. Then, water will 

ve been forced by the presfeuve <A Oiit ivVTOw-^VCTte w-^'Otft -i^MSksi 

and into tJie pump, if tUu Wuke*- au^i. ^.V>i nv\svm, s«^ ■u,^. 
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and it the delivery valve when at the top of it« stroke be uot 
moie than the height of the hydro-barDmetric colunm above the 
water line of the well.* 

(4) The bucket now works in water instead of in air. In fact, 
the machine passee from being an air-pump to be a water oni 
During the down-sti-oke water is forced through the delivery 
valve. During the up-stroke this water is ejected through the 
Hpout ; at the same time more tvaler is forced up through suction 
pipe and valve to aupjily the place of the vacuum created by the 
I'ec-eding piston. The water is therefore dLsehai^eil oiU;/ during 
the up-stroke in the case of the piunp illustrated by the Ugure, 
Should it, however, be fitted with aji air-tight piston-rod and pui 
cover, and should the pump hajidle be moved rapidly, more water 
will be titkea into the barrel than caa escape from the spout 
dui-ing the up-sti-oke. Consequently, the compresaon of the pent- 
up air between the aurface of the water in the barrel and the 
cover, wDl cause the water to flow out in a more or less continuous 
sti-eam during the down-stroke. In other words, the top cover 
and the portion oE the pump above the spout may be converted 
into an air vessel, the pi-ecise a*;tion of which will be explained 
later on. 

Example I. — If the cross area of the bucket of a suction pump 
be zo aq. in. and if water be raised 24 ft. from its surface 11 
well, what is the pull on the pump rod ? 

Anhwbb. — The pull P on the pump rod is evidently equal to 
the weight of a column of water of height H = 24 tt,, and the 
area of the bucket in sq. ft. = A = 20-M44. Therefore, by the 
formula employed for the pressure of a liquid on a surface i 
Lectures XVII. and XVIII.— 
P=HAW, 



-x62'5 = 2 



3 lbs. 



The Plunger, or Singlg-actlng Porce Pump. — Tlie upper 
or outer end ot tlie ImiibI of this pump it* provided with a stuffing- 
box and gland, through the air-tight packing of which the solid 
pump plunger woiks 

During the up or outuaiit stroke of the pliuiger a 

* Thcoretioall;, stich a pump should be able to liEt water from a depth 
ot 34 feet below thu highest port ot the stroke of tlm doliverj valve, but 
practicall.v, owing to the imperfectly airtight fitting of the piston and the 
valves, it is not used for withdrawing water from wells more (.haAia^n 1.^ 
feet below Ibis position of the delivery vajve. In laiA, aaiAia.V"^'*^'"'^ 
gaeodj regaires a backet at two of water to bo pouieA mto \^. «^«"*^ '^'^ 
deliverj vaJre in order to make it work at a\l, it \t hbott\i ^laNeXKaa^^^ 
standiDg far some time without being woikcd. 
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creftted in tbo pump barrel, aud ooDseqiieDtly aii- u> esptuiiU 
into it from the suction pipe. Thin pipe is attached to the Aang 
of the suction valve-bos. During the down or inwiird stroke 
the tiuction valve closes, and the pent-up air in the ban's! in forced 
Lhi'ougb the delivery valve. This action goes on precisely ii 
manoer just explained in the <rB«e of the suction piunp, until Ibe | 
water rises ioto the barrel. Then the inward stroke of iheplunga 
ilrives water through the delivery valve to any desired height (« I 
u^niuat any reasonable bock pressure, as in the case of a f»J 




Thb Plukoeb Fosci Pukp. 

INDKX TO Parts. ' 

SV represents Suction valve. I PE represents Pump barrel. 

DV „ Deliverj valve. PP „ Pomp plungM. 

Ch „ Checkfl for valves, SB and G „ Stuffing bo% 

j and gland. 

pumpfor-a steam boiler) consistent with the strength of the pump 
and the power applied. 

The eye of the plunger may be attached to a connecting-roJ 
actuated by a hand lever, as in the cofie of the suution. pump, or il 
may be worked from one eccentric or crank revolved by a steam 
eugine or other motor. 

Hy whichever wiiy it in worked, the force applied to the plungei' 
lutwt be tjullicient to overcouie tUa lYuAian ^w^jww.ii. the plunger 
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tmd the pacbinfr> the resistance due to mioking the wjiter from the 
aoTirce of supply, and of driving the same up to the place where 
it is delivered. 

With this pump (as in the case of the wactiou piimp), the water 
ia only delivered during one out of every two strokes of the 
plunger, and consequently, in an intermittent or pulsating fashion. 
In order to make the supply cotitiniions we have to use one or 
other of the devices about to be dascribed. 

Example II. — In a single-acting plunger foi'ce pump the proas 
area of the plunger is 10 sq. in., and its distance from the sui'face 
of the water in the wall, when at the end of its outward oi' suction 
stroke, is 20 ft. During the inward strobe the water is pumped 
up to a height of 100 ft. above the end of tlie plunger. What 
forces are required to move the pump plunger during (i) an" out," 
and {3) an in-stroke {neglecting the foi'ces to overcome friction). 

Answer.— (i) P, = HjiW = 20' x — x 62-5 = 86-8 lbs. pull. 

ro 
{2)7, = TI,AW=iao'xj-:x62-$=i3^\bs. pressure. 

Porca Pump with Air Vessel — Tn the following figure of 
a force pump the onlj ixiints of diiferenee worth noticitig between 
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F representB Suction pipe. 
~ „ Ruction v.ilve. 

„ llarrel of pump. 

, I'langer barrel. 

Plunger rod. 



Air VessEi^ 
Index to Pakts. 

nV representa Delivery valre. 
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nt/ t!ie 'premmia on^ are : — ( i ) I'lie plunger, iiiRfcead of beia^ 
BoliJ, iH 11 lioUow trunk or barrel, with the connecting rod fixed 
» an eje-bolt at ita lower enil. 

(2) The unction and the delivery valves are both at one side, 
instead of being fisod on opposite sides of the pump, 

(3) There is an air vessel. 

Action of the Air Vessel.- — During the inward or delivery stroke 
oF the plunger, part of the water t'orceil from the barrel goes up 
the delivery pipe, and the remainder enters the air vessel, and 
consequently compresses the air in AV. During the out- 
ward or non-delivery stroke of the plunger the compressed 
air in the air vessel presses the rest of the water into the delivery 
pipe. In tJiis simple way a continuous flow of water is main- 
tained in the deHvery pipe, and with far less shock, jar, and noise 
than in the previouB case. Where very smooth working is re- 
quired, an air vessel is also put on to the suction side of the 
pump. Should the air in the air vessel become entirely absorbed 
by the water, the fact will be noticed at once, by the noise and 
the intermittent delivery. Then the pump should be gtopped, 
" air cock AC opened, and the water I'un out. When the air 
vessel is full of air, the air cock should be shut and tho pump 
started again, 

Continuoua-dellvery Pump without Air Vessel. — A 
fairly continuonB delivery may be obtained by making the plunger 
of the piston fonu, and the pump I'od exactly half its area, as 
shown by the accompanying figure. During the down stride, 
half the water expelled by the piston from the under side of 
the pump barrel goes up the dehvery pipe, and the other half 
is lodged above the piston, to be in turn sent up the delivery pipe 
during the up-stroke. Where very high pressures are required, 
such as in the filling of an accumulator ram, pumps working on 
this principle, but of the following form, are frequently used. 
The action is precisely the same as in the one just described, and 
the same index letters have been used, so that the student will 
have no difficulty in understanding the figure ; more especially 
as the directions of motion of the piston and of the ingoing and 
outflowing water have been mai-ked by straight and feathered 
arrows respectively. Where sea or acid water is used it may be 
necessary to fit the pump barrel, PB, with a brass liner, L, to 
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In accumulator and other kinds of high-pressure work it is not 

advisable to use air vessels, because you cannot prevent the water 

wiieh enters the vessel absorlamg b.\t B,t\i cwvjv(i%<Jc\'a eaaie with 

it to the Jiydraulic macbinea, wteixe \tft \ives«wce'«'i\^\\fe-nw^ 

"ijeetionable, and because with, sa^, T^i^ ■"" ' ■" "■™- ■•■" 




IP represent 


Inlet pipe. 






)C 


Cover and check to 




SV. 


P 


Piston. 


'B 


rump- rod. 



DV lepresentB Delivery valve. 
CO ,, Cover and check tt 

DV. 
DP „ Discharge pipe. 
SB „ Stuffing-hojf. 

G „ Gland. 
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pressure per square inch, you would require a, very large and 
Ftrong air vessel before it could be of any aervice. If a pre 
of only 750 lbs. per square inch were used, then, since the normal 
pressure of the atmospheifi is ig IbB. per square inch, tlie air in 
■;he air vessel would be compressed to ■-'i^, or yg'"' "^ *** original 
i-olume, in accordance with Boyle's law. Conaeqiiently, with an 
lir vessel of 50 cubic feet internal capacity, there would be only 
t cubic foot of air in it, wlien the pump was in fuU action. 

Combined Plunger and Bucket Pump. — We have already 
seen that a suction pump discharges water during the outward 
stroke, and that a plunger pump discharges water during the 
inward stroke ; consequently, by combining these two kinds, we 
get a double-acting pump. By making the cross area of the 
plunger half that of the barrel, half the water raised by the 
bucket duiing the up-stroke goes into the delivery pipe, whilst 
the other half fillsthespaoeleft by the receding plunger. During 
the down-stroke the plunger forces the latter half up the delivery 
pipe. We do not happen to liave a figure with which to illus- 
trate these remarks, but if the student will first of all sketch n 
complete vertical section of a suction pump like that shown by 
the first figure in this lecture, »nd then draw a solid plungei', with 
Rtuffi.ng-box and gland, like that in the second figure, in place of 
the pump rod and open cover in the suction pump, it wUl form M 
useful exercise in the designing of such a pump. 

Double-acting Force Pump. — The pimipa which we have 
hitherto considered are all single-acting in this sense, that they 
do not both suck and discharge water during every stroke. This 
can, however, be accomplished by having two sets of suction and 
delivery valves placed at each end of the pump barrel, as shown 
by the accompanying figure. Then, duringthe outward stroke of 
the piston the pump draws water from the source of supply 
through the inlet pipe and suction valve SV,. At the same time 
the piston forces the water in front of it tnrough the delivery 
v.tlve DV, and outlet pipe. During the inward stroke, suction 
takes place through SV^ and discharge through DVj, all m 
clearly shown by arrows in tlie drawing. The I'alvea Jire pro- 
vided with india-rubber cusliions, IR, to ease the shock and mini- 
mise the jariing noise due to their reaction and natural reverbe- 
ration when they are suddenly opened and closed. 

Example III.^Tn a double-aetiug force pump tho verticBJ 
height from the surface of the well to the point of delivery is 

\ 100 feet. If the area of the piston equal i squnre foot, what i* 

I the stress on the piston-rod during each stroke? 

Answer, — Here we need not distinguish between the force 
quired daring suction i\Tirt AeUsevy, fov both actions take place 
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DOUBLE ACTING FORCE PUMP. 



during eacb stroke. "We have only to dpiil 
ii'ed to elevate a column of water to a ' 




SV, SV, represent Bnction valves I B repreients Barrel (I ner) 
DV, DVj Deliverv valves P Piston (solid) 

IR India rubber PR Piston rod 

Neglecting friction, the stress on the piston rod will therefore 
be the weight of a column of water of height loo' and cross 
area = i sq. ft. 

.■.P = HAW=ioo'x i'xr)2'5 = 62HO lbs. pull and push. 

If 30 per cent, of the force applied be spent in overcoming 
friction, what will then be the stress on the pump-i-od. Here 
6350 is only 70 per cent, of the whole sti-ess, for 30 per cent, of 
the whole is lost force. 



o:ioo::6250;; 
.^ 6250 X 10. 



9-5 Ibn. pull and push. 



• We are indebted for the above figure lo Professor H. Robinson's book 
on " Hjdraulio Machinery," published "by Messrs. Charles Griffin k Co. 
Students should refer to Lecture XSIV. of the Author's Elementary 
Maonal on " ateam and the Steam Engine " for detailed illustrations and 
description of Ihe air and circulating pumps of the SS. " St. Rognvald." 
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Lecture XIX.— Qvbstioss. 

. E:!p!a.in tbemenner in which the pressure of the ELtmosphsre is mode 
serviceable in the case of the commoa SDction pump. Sketch and esplain 
\y an index the details ol this pnmp. 

2. Describe, with a sketch, an ordinary sactlon or lifting pamp, and ei- 
,ilain its action. If the diameter of the backet is 4", and the spoat is 20' 
above the free surface of the wcUj what is the tension on the pump-rod in 
the up-Bl.roke ? jim. 109 Iba. 

3. Sketch and describe a Force pomp, drawing a section 90 as to show 
the packing of the plunger and the constrnction of the valves. Hon is an 
air-yessel applied to such a pump 7 Why is the air-vessel dispensed with 
when pumping water into an accumulator I (S, and A- Exam- 1890,) 

4. Explain the uae of an air-vesHDl in connection witli a force pump. 
Sketch a section throngh a double-acting force pump, showing the valves 
and the connection of the pump with the air-vessel, and explain the action 
of the pump. (S. and A. Exam. 1887.} Water is forced np to 100 feet 
above the air-vessel; what proport.iun of the volume of the air-vessel is 
occupied with water, and what is the pressure of the air therein 7 Aru. 
74-6 per cent. ; 43'4 lbs. per sq. in. above the atmospheric presanre. 

5. The leverage to the end of the handle of a common force pump is five 
times that to the plnngcr, and tha area of the plunger is 5 sqnare inches; 
what preasQte at the end of the lever handle will produce a pressure of 
45 lbs. per square inch on the water within the barr^ 7 ^m. 45 lbs. 

6. A force pump ia used to raise water from a well to a tank. The 
piston has a diameter of i'6", and is so' above the free surface of the water 
in the well, and 40' below the mouth of the delivery pipe leading into tha 
tank. Find the force required to work the pump — (i) Neglecting fricLion; 
(z) when V3% is spent in overcoming friction ; (a) when sucking. <b) when 
forcing, (c) what ia the work put in and ROt out per double stroke of 6" ? 
-ln». (Q)(i)i7'45lbs. ; (2)2f93lbs. i (i)(i)34.9lbs.; (i) 49'861bs.;W , 
37'39ft.-Ibs- ; 26-17 't.-lha, 

7. What is the difference between a double-actinp and a sinfrle-acting 
pump? The area of the plunger of a force pump being 3 sijiiare inchc. 
find the pressure upon it when water ia forced np to a height of 20', 
Arts. 26'04 lbs. 

8. Describe, with a sketch, some foim of pump which will deliver half 
the contents of the barrel at each respective up-stroke and down-atrolM of 
the pump-rod. Name the valves. (S- and A. Exam. 1892.) 

9. Sketch and describe a. "double-acting force pump." If the diameter 
of the piston be is", the stroke 3', the distance from pump to well itf, 
from pump to position for delivering the water 40^, and if the nnmber ol 
strokes perminute be4o, what ia (i) the theoretical horse- power required 
to work the pump, {2) the actual, if 30 per cent, of the power bo spenS i 
against friction. An». (i) 10-71; (2) 153. J 
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LECTLTRE XX. 

COKTENTB. — Bramah'a Hydraulic I'rcsB — Bramah's Leattic>r Collar 1 

iDg— Eiamplea I. II.— Large Hydraulio Proes for Klaiigine lloiler 
Plates — The Hydraulic Jack — Weem's Compound Screw and lij'draulio 
Jaulc —Example III.— The HydtaiJic Bear or Portable PimohlHg 
Machine — Ttie Hydraulic Accnmulator^Example IV. — QuBHtioiiii. 

Bramah's Hydraulio Press. — This uKeful machine was in- 
vented by Pascal, but he could not make the moving parts water- 
tight. Bramah, about the year 1796, discovered a means by which 
this (lilfieulty was effectually overcome ; and thus the instruniout 
has been handed down to us under his name. As may be seen 
from the following figure, it consistM of a single-acting force pump 
in connection with a strong cylinder containing a plunger or mm, 
which is forced outwards fi-om the cylinder through a tight collar 
by the pressure of the water delivered into the cylinder from the 
force pump. 

From what was said in Lecture XIX, about force pumpa, we 
need not pai-ticulaiise about thin part of the machine, except to 
say that the auction and delivery palve boxes can be disconnected 
from the pump, and the valve cover-checks removed at any time 
for the purpose of examining the parts, or of regrinding the 
valves into their seats, Tlie plunger extends through a stuffing- 
box and gland lilled with hemp packing, and ia guided by a cen- 
trally bored bracket bolted to the top flange of the pump. The 
lever fits through a slot in this guide-bar, whereby it has an easy 
free motion, when communicating the foi'ce applied through it t«) 
the pump plunger. The relief-valve RV has a loaded lever, ad- 
justed like the lever safety valve in Lecture IV., so as to liite and 
let the water escape when the pressure exceeds a certain amount. 
It may also be used for taking the pressure of the object under 
compression, or for lowering the ram R by simply lifting the 
little lever and pressing down the table T, when the water flows 
eacdiy from the cylinder, and out of DP by the relief valve. The 
delivery pipe DP is made of solid drawn bmss, and Uw. vmkv 
cylinder is carefully rounded at the bottom enA, VtuA^aA «A \wivwi. 
Out, in order timt it m&y be natui-aUy rf fhe (*,«o«s,m*. i*t».v** 
* iB tbe case of lai^ cjlinden lor \eij grcal piCMsrac*. ^V*^"*^ 
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The guide pillars are securelj bolted to the base E by nuts and 
iron waeherH, not shown Ihe cup leather packing CL deserves 
aperaal attention, because it formed the chief improvement by 
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tmxuiAC Press, 1 


Made iQ tU 


IKUEX TO Parts. 


isgow Technical Coll^efl 




DV represents Dolivery valve. ] 


P 


Pressure on L at A. 


RV 


Reliel valve. 


^ 


Falcrnm of L. 


DP 


Delivery pipe. 


B 


L's connection with 


RC 


Ram cylinder. 




plunger's guide- 


B 


Ram or plunger. 




rod. 


CL 


Cup leatlier packing. 


PP 


Pump plunger. 


T 


Top. table, or Tpiect. 


Q 




W 


Weight liftcl, or 




on pliincrer I'P. 




total pressure on K> 


PB 


Pump barrel. 


CG 


Cross gilder. 


IP 


Inlet pipe. 


GP 


Guide pillar.t. 


sv 


Suction valve. 


BB 


Base block. 






inner end at the cylinder should be carefolly rounded off. both inside and 
outside. For, if left sqaare, or nearly square, the crystals formed ii 
the casting of the metal naturally arrange themselves whilst cooling in 
such a manner as Co leave sn initial stress, and consequent weakness, iovit- 
ing fracture along the lines joining the inside to the ontside corneis 
of Ihp cylinder end. The severe shocks and stresses to which this wetk 
line of division is subjected during the working of Ihe press wonld soouer 
~~ later force out the end of the cylinder, in the shape of the fmstrum ol 
, unless the cylinder had been made unnecessarily thick and st "" 
tho bottom end. 



bramah's leatheb oollas packing. 



107 



^^Bramali on Pascal's press. It consists of a leather collar of f\ 
section, placed into a cavity turned out of the neck of the cylindei-, 
and kept there by the gland of the cylinder cover. The following 
figni-e shows an enlarged section of Bramah's packing suitable for 
a huge press, where the desired shape of the leather collar LC 
is maintained by an internal brass ling, BB, and an outside metal 
guard ring GB, resting on a bedding of hemp H. It will be 
observed at once, from an inspection of this tigui-eithat the water 
which leaks past the easy fit between the plunger or ram B, and 
the cylinder C, presses one of the sharp edges of the leather collar 
against the ram, and the othei edge against the side of the boied 
cavity in the neck of the cylindei, with a force directly propor 
tionaJ to the pressure of the w ater m the cyhnder By this timple 
automatic action, the greater the pressure m the cylindei the 
tighter does the leather collar gnp the ram and bear on the 
cylinder's neck. 

Bramah's Leather Collar Packing — This collar ib made 
fiom a tlat piece ot new strong well tanned leather, thoroughly 
soaked in water, and forced into a metal mould ot the lequisite 




a View op BaiMAH's Lkatiieb Collar for a 
Bia HydbauijIc Press, 



Index to Pabts. 



KrepreBenUBHm, 
„ Cylinder. 

G „ Gland of C. 
LC „ Lentber collar. 



I BR lepTeseats Brass ring. 
GK „ Guard ring. 

H „ Hemp bedding. 



size and shape until it has assumed the form of a U collar. The 
central or disc portion of the leather is then cut out, and the cir- 
cular edges are tiimmed up sharp in the bevelled inattuev ^Jms^-sl 
by the above ligmv. 



igS LECTUKE XX. 

Formula, for the Pressure on the BEun of a Bramab Press. 

— Refeiring a^in to tlie first figure in this Lecture, it will be 
found tliat by taking moments about the fulcrum !it F, we obtain 
the ptesaure or reaction Q oa the plunger of the force pump. 
Therefore, neglecting weight of lever and friction, we get — 

PxAF = QxBF. .-. Q = ^J^ 

Further, by Pascal's !aw for the transmission of presanre by Iiqnia|^ 
uncinted io Lecture XVJI., we know that the statical pressure™ 

Q is transmitted with undiminished foree to every corresponding 

wea of the cross section of the ram. 
Or, . . Q : W : : area of plunger : area of ram 

.". Wxarea of plunger = Q x area of ram. 
WxT.r'^Qxjrll' 

Where r = radius of pliinger,aadlli~radma of nun, both in the a ,_^ 

BubBtltDtiDg the previoas viilae for Q, and dividing each side of the eqiul- 

' ■ n by I-, we get — 



diameter of tlie plunger, both in the si 



Example I. — In a small Bramah press, P^folbs., AF = aoin., 
BF = 2 in., area of plunger = i sq. in., whilst area of ram = 1 4 sq, 
in. Find W, neglecting friction and weight of lever. 

AsswEit. — By the above formula— 

Jib- ^ ^ 



issure 
oding 

leu&S 



valnes, we get — 



W = S£iii?xM = 7000 Iba. 



ExAMPi^ II, — ^In Bramiih's ciiginal press at South Kensington 
the ram is 3 inches in diameter, and it acts at a distance of 
6 inches from the fidci'um, which is at one end of a lever 10 feet 
3 inches long, carrying a loaded scale-pan at the other end. 
What should be the pressure of the water in the press in order to 
weight of 3 cwt, in tAie s.^aiVe-'^a.^i, ■ne^VeiAivi^ the weight ol 
the lever'! Make a diagvam ol \.\iii o.i-cB.\i%'Siii6>A, (^.'ixA k. 
1892.) 
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(J = 3 ill., consequently the ni'ea of the pluuger 

= -78S4X3"x3"=7 sq. in. ; BF=6"; AF= 10' 3"= 123"; 

P = 3 cwt. = 3 X 112 = 336 Iba. ; and we have to find the preBsiire 
per sq. in. on the ritm that will balance P, acting with the stated 
advantage, since the area of the ram is not given. 
By the above formula — 

-,, PxAF area of 1 aq. in. ^l5xia-i" 1 sq. in. nm ii. 

W— „., y. , , ^ ,. " . =884 Ibe. per aq. in. 

Hi area of plunger 6' 7 sq. in. 

Iiarge Hydraulic Press for Flanging Boiler Flatea, Sua. — 
As an example of the practical application of the Bramah press 
to modern boiler-niakiug, the accompanying illuBtration shows 
the form wliieh it takes when worked by a high-pressure water 
supply derived from a central accumulator, which may at the same 
time be used to work cranes, punching, riveting, and other similar 
machine tools, in the same works. 

The operation of flanging, say the end tube-plates of the cylin- 
drical barrel of a locomotive boiler, is carried out in the foUowing 
manner : — The ram E. is lowered to near the bottom of the 
hydraulic cylinder HC, thus leaving room to place the boiler 
plate (which has been heated all round the outside edge) on the 
movable table T,. High-pressure water is then admitted from 
the central accumulator to the auxiliary cylinders AO, thus foi-c- 
ing the side rams SR, SR, with their table T„ and the plate P, 
vertically upwards, until the upper surface of the plate bears hard 
against the bearers B, B, or internal part of the dies. Water 
from the same source is now admitted into the hydrauhc cylinder 
HC, wliich forces up the ram B, with its table T„ supporting 
columns SC, SO, and the external part of the dies D, D, until 
the latter has quietly and smoothly bent the hot edge of the 
plate round the curved corner of the internal bearer B, B. The 
I'am K. is now lowered, caiTying with it the table T[ and dies 
D, by letting out water from HC, and then the table T„ with 
the flanged plate, are lowered by letting out water from AC. The 
plate is removed from its table, allowed to cool, placed in position 
in the barrel of the boiler, marked ofi' for the rivet holes, drilled 
and riveted in the usual manner. The student wOl now under- 
stand what a useful and powerful servant a hydraulic press is to 
the engineer in the hands of a skilful workman, for it can be 
made to do work in the manner indicated above in far less time, 
and with far gi-eater certainty of uniformity and exactitude, than 
the boiler-smith could turn out, wifci any uvimbei cS \ia.-naa.(?nsiKa. 
io help hint. It is fast repladng, the BtBBim-\ia.-ai.x(i«i \q« ''^^J'^^ d 
woi-k, and the steam or belt-di'iven puYic^iVtv^ Kai. "e««w I 




LABGE HyDEAUHO PbES8 rOH FLAHGlKe BOILBB PLATHk* 



ibove figure fa a reduced copy of one from Prof. Henry RobiniM 
" H/drauIic Machinery," ■pu'oUstefl. ^15 'Vlessia. CtimXes. (i^iffis, 4 
. but H Las been indexed accoTd\D% Xa ttie kaftwrfs s.N.^'te lA nyo&iS*, 
Id described in an elementary mannei. 




THE KVBKADLtC JACK. 



IHDBX TO PAKTS. 



^^1 HC rcprefeota Hydraulic cjllnder. 

^H R Ram of HC. 

^H C, „ Colamns supporting Y. 

^H Y „ Yoke or cross -head. 

^K BB „ Scalers of the interaal die ring. , 

^H P Plate to be Banged. I 

^^M DD „ Dished die or external die ring. I 

^H SC Supporting columns for DD. I 

^^^ T| „ T-piece or movable table for DD. 

T, „ T-piene or movable table for P. 

SK „ Side rams for T„ 

AC „ Auxiliai; cylLnders. 

machines, the steam screw and wheel-gear worked cranes, screw 
and wheel-gear hoists, as well as the screw press for making up 
bales of goods mentioned in Lecture XV. Fop with it, you can 
bring to bear a force of a few pounds on the square inch or as 
many tons, by merely turning the handle of a small cock, and 
with a. certainty of action unattainable by any other means. 

Th6 Hydraulic Jack is a combined hydi-aulic press and force 
pump, ai'ranged in such a compact form as to be readily poi'table, 
and applied to lifting heavy weights thixmgh short distances. 
It therefore eifecta the same objects as the screw-jack deBcribed 
in Lectui'e XV., but with less manual eflbi-t or greater mechanical 
advantage. 

The liase on which the jack rests is continued upwards in the 
form of a cylindrical plunger, so as to constitute the ram of 
the hydraulic cylinder HC. Along one side of this ram there is 
cut a grooved parallel guide slot GS, into which fits a steel set 
pin, screwed through the centre of a nipple cast on the side of the 
cyhnder (not shown in the drawings) foi' the purpose of guiding 
the latter up and down without allowing it to turn round. The 
top of the ram is then bolted with a water-tight cup leather CL, 
by means of a large washer and screw-bolt. 

The action of this cup leather is precisely the same as the 
leather collai' in the cylinder of the Bramah press ali-eady de- 
scribed ; but it has only to be pressed by the water in one direction 
— viz., against the sides of the truly-bored cast-steel cylinder, 
instead of against both the I'om and the cylinder neck, as in the 
previous case. The head H and upper portion of the machine is 
of square section, and is screwed on to the hydraulic cylinder in 
the manner shown by the figure. It contains a water reservoir 
WB, which may be filled or emptied through a BDia.ft. \ia\aV^ 
taking out the sciBW-pIiig SP.* In the centiie \nift «'i ■OuaV'ssA-- 



w plug UP is sluckened back a 



, \e.v\.Vna- 



^ TUB HTuftAUUC JACK. ^i^ 

piece there is placed a small Force pump, tfas lower end of which 
is screwed into the centre of the upper end of the hydmuliu cylin- 
der. This pump is worked by the up-and-down movement of ii 
handle placed on the squared outstanding end of the turned cmnk 
shaft Cy. To the centre of the crank shaft there ia fixed a crank 
C, which gears with a slot in the force-pump plunger P, and thus 
the motion of the handle is communicated to the pump plunger 
in a reduced amount, coiTCspooding to the inverse ratio of the 
lengths of the handle and the crank from the fulcrum or 
centre of the crank shaft. By comparing the right-hand section 
of the water reservoir, and the section on the line AB, with the 
vertical left-hand section of the jack, it will be seen where the 
inlet and delivery valves IV and DV are situated. On raising 
the pump plunger P, watei' ia drawn from WR into the lower 
end of the pump barrel through lY, and on depressing the 
plunger this water is forced through the delivery valve DV into 
the hydraulic cylinder, thus causing a pressura between the upper 
ends of the cylinder and the ram, and thereby forcing the cylinder, 
with its grooved head H, and footstep S, upwards, and elevating 
whatever load may have been placed thereon. Both the inlet and 
outlet valves are of the kind known as " mitre valves." They 
have a chamfer cut on one or more parts of their turned spindles, 
so as to let the water in and out along these channels. The valves 
are assisted in theu* closing action by small spiral spiings Hii, 
bearing in small cups or hollow centres, as shown more clearly in 
the case of DV by the enlaiged section on AB. 

WeemB' Compound Screw and Hrdraulic Jack. — This is a 
jack combining some of the advantages of the ordinary screw-jack 
with those of the hydraulic one. It is often desirable to be able 
to bring the bead or footstep into trial contact with the load 
before applying the water pressure. This can easily be done by 
tu rnin g the nut at the foot of the screw, cut on the I'am of the 
jack. The arrangement will at once be understood fixim the 
figure. It will be observed that the load may also be lowered by 
turning this nut, or by the ecrew-tap which permits water to flow 
from the cylinder back into the cistern, as in the previous case. 
The bottom nut may be screwed hard up to the foot of the 
liydraulic cylinder, so as to sustain the whole load, and thus 
prevent overhauhng through leakage of the water. 

When it is necessary to lower the load oi' the head of the jack, 



r when wurkicg the jack. There is ^ene- 
;w plug opeuing ijBB ^a!i\ te. we.ii\si "Oe* 
loilowitig Ugare ol Woeius' jaient ]ack) iot fiUuig (« em^t-j va*^**' "^l**^ 

reserroir, guile independent of the above-mentioned on.(;,-w'tt'i«&'^'°***- 

tiis case for both parposes. 
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LECTURE XS. 

the reiieE valve op lowering sci-ew, i 
Uirneil so as to permit the water 1 
escape from the hydraulic cjlin * 



I ack lutD the waiter reservoir as 
tleaily lown by the diawmg 
This ni y be done very gently ^ 
simplj giving thiR screw a very 
small pait of a complete turn 
111 other words by throttling the 
passage between the hydrauhc 
cylindei and the water reservoir 
Or it maj be done quickly by 
tmning it through one oi mors 
Tcvolutions This passage urn 
then be closed by ecrewing the 
plug home on its beat 

Ml. Croydon Marks, in his 
hook on " Hydraulic Machinery," 
illustrates and describes another 
method of lowering the jack-head 
(tirBt introduced by Mr. Butters, 
of the Royal Arsenal, Woolwich), 
where, by a particular arrange- 
ment, the inlet and delivery valves 
are acted upon by an extra de- 
pression of the handle, and conse- 
queot movement of the pump 
plunger. He also gives the main 
dimensions, with a druwing, of 
the standard 4-ton pattern as used 
by the British Government, where 
the ram has a diameter D = 2", 
the pump plunger a diameter 
d=^ i" ; and the ratio of the lever- 
age of the handle to the crank 19 
16 to 1. Therefore from the ' 
previous formula we find that, 

The Theoretical Advantage — 
^V \.V X)'- \<i 
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THE HYDHAULIC BEAR- 20S 

And lie instances two trials by Mi'. W. Anderson, tlie Inspector- 
general of Oi'dnance Factories, to dBtermini! the efficiency of tbeae 
jacks, where, with a pressure on the end of the working handle of 
76 Iba., the theoretical load should have been 76 Iba. x tbeoretieal 
fwlvftntage = 76 X 64 = 4864 lbs., instead of which it was only 
3USV,,.-, 

. 4804lbs. : 3738 lbs, ; 100:. r 

In a second trial, a load of 1064 lbs. reqiiii'ed a pressure of 
22 lbs. on the handle, and consequently the efficiency at this 
lighter load, as might be expected, was less, or only 74 % . 

Example III.— With a hydraulic jack of the dimensions given 
above, and of 77 % efficiency, it is desired to lift a lond of 
4 tons ; what force must be applied to the lever handle ? 

» Answer. — By the previous theoretical formula, 
,„ _ P X AF.. D" 

But the efficiency of the machine is only 77%; consequently 
140 lbs. is 77 per cent, of the force required — 
.•. 77 1 100 :: 140 lbs. ::i;lbs. 

rr = H^^ll^ = 181-81 lbs. 
77 
The Hydraulic Bear, or Portable Funching Machine. — 
This is another very usefiil application of the hydraulic press and 
force pump. It is used in every iron or steel shipbuilding-yard 
and bridge-building works. By comparing the drawing with the 
index to parts, and taking into conaideiation the fact that its 
construction and action are so very similar to the hydraulic jack 
already described in full detail, we need say nothing more than 
direct the student's attention to the action of the raising cam, 
and to the means by which tlie apparatus is lifted and suspended. 
In order to raise the punch for tha a<lmittance of a plate between 
it and the die D, the relief ^'alve RV must fii'st be tvivnftitsj^- 
wards, and the Jerer L depi'essed. This causes tVe cqv&ct -A 'Ooss 
raisiDg cam RC to force the hydraulic va.m R'B. w^viwia, w*-*^ '^ 
water from the hydisiilic cylinder HC bacV VvA» V\vfe " 
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resei'voir WR. The relief valve may now be closed and the plate 
adjusted in position. Then the pump lever can be worked up 
and down until the punch P ia forced through the plate, and the 
punching drops through the die D and the hole in the metal 
frame MF, on to the ground, or into a pail plaopd beneath to 
receive it. 




The HrnHAULio Bear, ob Pobtable Poschish Machine. 



PL represents Pnnip lever. 
Crank shaft. 
Crank. 

Pump plunger. 
Water reaervoii 
Inlet Vi 



WR 



RV 






HC represontB Hydraulic cjlindw. 

CL „ Cup leather. 

HK „ Hj-draulio ram. 

RC „ Raising cam. 

1, ,. Lever for RC. 

r „ l-unch. 

D „ IHe ring. 

MF „ Metal friime. 



The whole bear in auspended by a chain (woi-ked by a crane or 
other form of lifting tackle) attached to a shackle, whose biiU 
passes through a cross hole in the back of the metal fmme MF. 
just above, but a little to the front of the centre of gravity of tlie 
'machine. This hole and AitvekXe Kte not A«y*iw 'w\'Cfte 4.t»jsvs.((, 
"lit the student can easily xiTvAavRWcvA "OswA, We Vdit •«av!!A.^»' 
little above where tVie \ettevs ^X^:, tt.^\*»* <mflft'*^eyft'iw< 
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and that the chain would pass dear of the pump lever, since it 
works well to the right-hand side o£ the bear. 

The Hydraulic Aooumnlator. — The demniid for hydraulic 
power to work elevators, cranea, swing bridges, doeli gates, presses, 
punching and riveting machines, &c., being of an intermittent 
nature^at one moment requiring a full water supply at the 
maadmum pressure, and at another a medium quantity, whilst in 
many caaea all the machines may be idle— it is evident that if 
an engine with pumps wei-e devoted to supplying this demand in 
a direet manner, the power thereof would have to he equal to the 
greatest requirements of the plant, and would have to instantly 
answer any and every call from the same. In the case of a low- 
pressure supply, as for lifts, this difficulty is best overcome by 
placing one tank in an elevated position at the top of the hotel or 
building where the lift is required, and another tank helow the 
level of the lowest flat. Then a small gw* engine workbg a two- 
or three-throw pump, or a Worthington duplex steam pump, may 
be used to elevate the water more or less continuously from the 
lower to the higher tank. The " head " of water in the elevated 
tank will, if sufficient, work the lift at the required speed, and 
the discharged water from the hydraulic cylinder will enter the 
lower tank, to be again sent round on the same cycle of operations. 
Should the lift be stopped for any considerable time, then a float 
in the upper tank, connected by a rope or chain with the shifting 
fork for the helt-driven pumps (in the case of the gaa engine) 
will force the belt over on to the loose pulley, or shut off the steam 
from the Worthington pump. And when the water falls in the 
upper tank, the float will cause a reverse movement of the rope 
and shift the belt to the tight pulley, or open the steam valve, and 
60 start the pumps. When the pressures required are great, siich 
as for cranes, 4e., where 700 lbs. on the square inch is considered 
a very medium pressure, an elevated tank would be out of the 
question, for it would have to be fully 1600 feet high in order to 
exert this force and to overcome friction, tJnder these circum- 
stances recourse is had to a very simple and compact arrangement 
c^ed an accumulator, of which a lecture diagram is herewith 
illustrated, without any details of cocks or valves, and automatic 
stopping and starting gear, A steam engine or other motor 
works a continuous dehvery pump, of the combined piston and 
plunger type, without the aid of an air vessel, as illustrated by 
the foiuiih and fifth figures in LectuTs XIX. The water from the 
pump enters the loft-hand branch pipe AeaAmg viAft ^lafe ^laciX. <S. 
the aceumulntov e/iinder, and forces npt\\eaccwav\Aa.Vc« vwsi. ^"^J^- 
its cross bead or top T piece, and tW attacVei ■««v^'^ 's^ ^^^ 
load, until the mm ha* nJai^hed nearly to t\ve e\ii Q^MLsaVctJ^e. 'vVca- 



LECTTTRE XX. 



\^^ 



the top of tlie T piece or a projecting bracket on the side of 
wroiight-iron cylinder containing the dead load, engages 
and lifts a small weight attached to a chain posHiDg over & pulley 
fixed to the guide frame or to the wall of accumulator house. 
This chain is connected directly to the throttle valve of the steam 
engine supply pipe, or to the 
belt ehifting gear (if the 
pump ia driven by belt gear- 
ing), and being provided with 
a counter- weight, the motor 
and pump are automatically 
stopped by the raising of the 
weight and the chain in the 
iLccumulator house. Should 
gj^j.f-^ __,j^j,^j, ^ the water which has been 
i ^^^ WT ^ffi ^ forced into the accumulator 
*' RnSil H SHKH i cylinder be now used by a 
crane or other machine, the 
load on the ram causes it to 
follow np and keep a consbant 
pressure per square inch on 
the water. The starting 
weight naturally falls ae the 
I'eceding T piece or bracket 
descends, thus pulling the 
starting chain, and opening 
the steam engine throttle 
valve, or shifting the belt 
fr()m the loose to the fixed 
pulley, and again setting the 
pump to work. Should thfl 
hydraulic machines be work- 
ing continuously, then the 
pump is kept going, for the 
suspeniled from the Water from it passes directly 
top of T-piece or crosshead, on to the machines, and only 
the surplus water finds i^ 
way into the accumulator cylinder if the pump's supply exceeds 
the demand of the machines for water. 

The annular cylinder of wrought iron is genei'ally filled with 
scrap ii-on, iron slag, or sand, or other inexpensive weighty 
matei'ial. The accumulator cylinder AC has a stuffing-box and 
gland at its upper end, A coil of hemp woven into a firm rect- 
angular seftion and smeared with white lend is placed in the 
<ttom of the atuffing-lwx, 1\io^\a,Ti4\a scvfeweddowu on the t«p 
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InnBX TO Paets. 
AC for Aocnmnlator cylinder. 
AP ,, Aoc.u m VI lator plunger or ram. 
W „ Weight or load contained in an 
annular cjlinder of wrought 
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of thia packing until the normal pressure of the water in the 
cylinder citQuot lenk past it. Cup leather packing in seldom used 
for this Biiuple form of accumulator; just the ordinary packing 
thiit would be uaeil for pump rodsi is found to answer all re- 
quii'emeats. Tiiis is the simplest form of accumulator which 
we have described, but it requires the gi'eatest load for a certuin 
hydraulic pi-essui-e per square inch. There are several other forms 
of accumulators, and several most interesting appliances such as 
capstans, cranes, bridges, punching and riveting machines, &c., 
ai-e worked by them, which we would have liked to have described 
here, bat the hmita of our space and the complexity of their 
construction necessitate our deferring this pleasui'e to our Ad- 
vanced Course. 

Example IV. — Describe and sketch in section a hydmulic 
accumulator, showing how the ram ia kept tight in the cylinder. 
A hydraulic press, having a ram i6 inches in diameter, is in con- 
nection with an accumulator which faas a ram S inches in diameter 
and is loaded with 50 tons of ballast ; what is the total pressure 
on the ram of the press t (S. and A. Exam. 1892.) 

Answer. — The first part oE the question is ans-wered by the 
previous figure and by the text. 

By Piiscfil's Law the pressui'e per equare iiieh in the accumulator 
is equal to the pressure per square ineh in the hydraulic press. 
Consequently — 

Total Pressure on Pi-ess _ Ci-oas Ai'ea of Frees 
Total Load on Accumulator Cross Ai'ea, of Accumulator 



7:' 



- = 200 tons. 



r 
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1. Drawn BeclioQ throiigli s. hydro^tatii; press, showing the cylioder, 
ram, and force pump, together with the valves. Why is the base ol the 
cylinder of a. large press rounded instead of being flat as in a Bteam 
cylinder ? If the diameter of tlie ram is 9 times that of the force pump, 
and if Q be the pressure on the pump, what is the preesuie exerted by the 
ram, neglecting friction ! Ana. Si P. 

2. Eiplaiu by aid of a sketch the mode of packing the ram of a hydraulic 
press and explain how it acts. The force which actuates the force pump 
is applied at the end of a lever giving a mechanical advantage of 14 to i, 
and the area of the plunger of the pump is 1 square inch. What pressure 
must be applied to the end of the lover to produce a pressure of ■ ton per 
square inch on the water enclosed in the press 7 ^lu. 160 lbs. 

3. In the force pump of a press the area of the plunger is J of a square 
inch, the distance from the fulcrunj of the lever handle to the plunger is 
2 inches, and (he distance fiom the fulcrum to the other end of the lever 
is 2 feet ; what pressure per square inch is exerted on the water under- 
iieath the plunger, when a weight of 20 lbs. is hung at the end of the lever 
handle 1 Ana. ^xo lbs. per square inch. 

4. In what way do yon estimate the theoretical advantage gained by the 
use of the hydraulic press ? In a small press the ram is 2 inches and the 
plunger J inch in diameter ; the length of the lever handle is z feet, and 
the distance from the fulcrum to the plunger is ij inches. Find the 
pressure exeited on the ram when 10 Iba. is hong at the end of the lever. 
Alls. 2560 lbs. 

5. In an hydraulic press with two pumps the plungers are 2J and i inch 
in diameter, and each is worked by a similar lever, which is acted 00 by 
the same force, When the larger pump alone is at work the pressure ob 
the ram is 40 tons ; what will it be when the smaller plunger is only work- 
ing? Aw. 250 tons. 

6. An hydraulic press, which is used for making lead pipes, hafi a ram 
20 inches in diameter, while the ram which presses the lead is 5 inches in 
diameter. Und the pressure per square inch on the lead when the 
hydraulic gansc indicates 1 ton per square inch. Sketch a eectionil 
elevation of the press, and show the packing of the hydraulic lam. 
(S. and A. Exam. 1891.) Am. 16 tons, 

y. How is the pressure ta&en off the object under compression when 
required, in a hydraulic press ? Sketch the arrangement. WTiat is the 
proportion of the diameters of the plunger and ram when the theoreUcal 
advantage gMnod thereby is 100 to 1, neglecting friction ? (8. and A. 
Exam. iSSS.) Ane. I to la 

8. Make a rough sketch, and write a short description of the hydraulic 
lifting jack. It may be arranged on any system that jou ate acquainted 
with. Show clearly how the vaJves act and how the jack is lowered. 

9. Sketch and describe the hydiaulic bear or portable punching machine. 
Explain how the punch is raised and how the tool is bandied. 

10. Sketch and describe the construction of a vessel suitable for atorin!; 
up a supply of water under pressure, and intended for actuating hydrauHe 
machinery. If the plunger of th.is vessel be 17 inches in diameter, wh»l 

load wUl bring the pressuio ol Uie ■wa\:et to ico \Qii, ■^t «^ias^ ia " " 
Aiut. 155,950 lbs. , . - 

It. SietclianddeBCiibelbe\i^diatt\uiawi<im-iiB.\OTV>K *,Uixvi^-q^-w*b 
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er pressure. If the ram of the accumulator be 6 inches in diameter, 
t load will be required to produce a water pressure of 500 lbs. on the 
ire inch? To what head of water would this pressure correspond? 
a,nd A. Exam. 1887.) Ans. 14,142*8 lbs. and 1152 feet. 
I. An hydraulic accumulator, with a ram of 16 inches in diameter, is 
aected with an hydraulic press whose ram is 26 inches in diameter, 
load on the accumulator is 80 tons ; what force would the press 
t? Make a vertical section through the accumulator, showing its 
itruction. (S. and A. Exam. 1889.) Ans. 211*25. 



LECTURE XXI. 

CosTEBTS. — Motion and Velocity — Uniform, Variable Linear and Cin 
Velocity— Unit of Velocity — Acceleration — Unit of Acoeleration— 
Acoeleration dne to Gravity — Graphic Representation of Velocitiel— 
Composition and Resolution at Vdocitiea — Newton'a Laws of MoUon 
— Formulie for Falling Bodies— Form allc for Linear Velocity with 
Uniform Acceleration— Oentrifngal Force dne to Motion in a Circle — 
Experiments I. II. Ill, — Example I. — Balancing Fast-speed Machinery 
— Centrifugal Stress on the Arms ot a Fly-wheel — Exumplall.— 
Energy — Potential Energy— Kinetic Energy — Accumulated Work — 
Accuniulated Work in a Rotating Body — The Fly-wheel Badins oE 
Gyration— Example III, — The Fly Press- Questions. 

Uotion and Velocity.— (i) Motion is tlie opposite of reat, fw 
it signifies cbnage of position. 

(2) Vetociti/ is the rate at which a body movea, or rate of 
motion. It is considered absolute when it is measured from home 
fised point, and relative if it refera to another body in motion at 
the same time. 

(3) Uniform Velocity takes place when the rate of motion does 
nnt change^i.e., when the body moves over eqoal distances in 
equal times. 

(4) Variable Velocity takes place when the rate of motion 
changes— i.e., when a body moves with either a constantly in- 
creasing or decreasing velocity. For example, a stone pitched 
into the air rises with a gradually decreasing velocity, but falb 
with a gradually increasing rate of motion. 

(s) The Pjw( 0/ Velocity is the velocity of a body which moves 
through unit distance in unit time. The British unit of velocity 
is thei-efore 1 foot in 1 second. In physical problems velocity is 
generally expressed in feet per second, but for convenience the 
engineer reckons the piston speed of engines in feet per mmvU, 
and the public spenk of the speed of a man walking, of a horee 
trotting, or of a train, in milea per hour. 

(6) Linear Velocity is the rivte of motion in a straight line, And 
is measured, as we have just stated, in feet per second or pv 
miaute, or in miles per hour. 

If !■ - tlie velocity ; I = the distance ; and t - the time — 






; 



i.l = «l'. 



I 
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^F (7) Ciriyular Velocity is the rate at which a body describes an 
angle about a given point — for example, the number of revolu- 
tions per minute of a pulley ; but circular velocity may also be 
measured by the feet per second or per minute which a point at 
a known distance from the centre of motion moves. 

(8) Accderation. — -In the case of variable velocity, the raU of 
change nj the velocity is termed tki acceleration, and may he either 
positive or negative — i.e., it may be an increasing or a deci easing 

{9) The Unit of Acceleration is that acceleration which imparts 
unit change of velocity to a hody in unit time ; or in this country 
it ifl an. acoelereUian of i foot per second in one aecond. 

(lo) The Acceleration diie to Gravity is considerably greater 
than the above unit, and varies at different places on the earth's 
surface. At Greenwich it is 32-2 feet per second in one second. 
In Elementary Applied Mechanics questions we will indicate it by 
the syrahol g, and consider j7 = 32 feet per second in one second. 

Graphic Bepresentation of TelocitieB. — The linear velocity 
of a point (such as the e.g. of a body) may be represented in the 
same way an we have hitherto represented a force. A line drawn 
from a point with an arrow-head indicates the direction of motion, 
and the length of the hue to scale the magnitude of the velocity. 
(See p. 3, Lecture I.) 

Composition and Besolution of Velocities. — Velocities 
may be compounded and resolved in exactly the same way as wa 
treated forcea by the parallelogram and triangle of forces, ifeo., 
in Lecture Till. 

ITewton's Iiaws of Motion. — I. A hody in motion, and not 
acted on hy o/ny exUmal forcn, will continue to move in a straight 
line and with wniform. velocity. 

II. When a force actg vq>on a hody in motion, the cka/nge prod/aced 
in the qvantity of motion is the same, both in magnittide and 
direction, its iftftsjorce acted on the body at rest. 

The change in the quantity of mction ii therefore proportional to 
the force appUed, and takes place in the direction of that force.* 

III. If ttco bodies mutually act upon each other, the quantities of 
motion developed in each in the same time are equal a/nd opposite. 

Or, Action and reaction are equal and opposite. 

These three laws were first stated clearly by Sir Isaac Newton 
ae the result of inductive reasoning. Having observed ceil-ain 
facts, he set about investigating what would be the consequence 
if hia conjectures as to these facts were applied to particular 

• Here "quantity of motion" means " momentuin," or mass k velocity, 
bot mass^weight in lbs. -^ acceleration due lo gravity. 

.*, Qnantit7 of motion or iaomeiituiii:=Mi\'g. Bee twrt,tto^ft,\>wi«os*3| 
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cases. Finding fchftt his estimate of the probable result 
true, he formulftted a general law in accordance with liia observa- 
tions and reasonings. 

Tlie student has already conceived the truth of the first and 
third laws in the reasonings and applications of force to matter, 
treated of in the previous Lectnres. We will now give in as 
brief a form aa possible the formiilfe for falling bodies, becanifl 
they naturally lead on to the formalre for " cemtrifwjal force " on 
a rotating body, and to the " energy stored " up in a moving body, 
both of which are of great interest and importance to the young 
engineer. The experimenta.1 and algebraical proofs of these 
formulie are given in Elementary Manuals on Theoretical 
Mechanics, and we mnst either assume that the student has 
studied these, or ^k him to assimie their truth in the meantime. 

PormulfiB for Falling Bodies. — If a body falls freely in vacuo 
under the action of gravity from rest through a height h feet ; 
then {since gravity produces a constant acceleration in the velocity 
of the body) at the end of each successive second the velocity of 
the body will be increased by g, or 32 feet. Let v he the velocity 
of the body at the end of t seconds, 

Then, . . v = gt; imt'i^-sgh 

_gr 



2 A 2j7 



And. . . ( = ^ -- 



V 9 



FonmilEB for Linear Velocity with Uniform Accelera- 
tion, — Suppose that instead of the uniform accelerating force of 
gravity we have any other constant force ot F lbs. acting on n 
body, and if this force moves the body through a distance of / feet 
along a perfectly eTnooth horizontal plane, the above forranlfe 
naturally becomes* — 

Then, . . « = ai; but ir'=2al 

And, . . t=Z=-M. 

* We intentionally use the letter I for length or dlstanoe, and a for 
acceleration. Most wrltera use tbc word " space " for distance and tte 
sfujLoI a; but space ia o£ three rfimensiona, and involvea tha idea of 
Yolnmc. It cannot thorcfote be, utriilli) a'gw^ui'j.M'm.d to renreBent dis- 
tance or length, which is onlj oi (ine duoeinAon, 't'aft\fe'Ow^ SvafiiwisSSHa. 
aaeti for acceleration ; hnt / natu-raWj topieseuVs ». ^o^^,wj-«fe -^jmimMi 
1, a, for acceleration, in orter tabe consi.a^.'iT.I.'HV'Co.o-a.iXiQV-^x'aa, 
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F Centrifugal Force due to Motion in a Cirole. — Eipeki- 
KEST I, — When a body — such as a stone — is attacbetl to a cord 
and whii'led round and round in Ji circle, the hand experiences a 
pull in the direction of the string as if it were in tension under 
the action of a force, and the faster the body is moved the 
greater becomes the stress on the strinff, jnst as David of old 
must have felt it before he let go that pebble from his sling which 
went so straight for Goliath's brow. The atone is constantly 
tending to fly off at a tangent, and ia only kept moving in the 
circular path by the reaction pulling it towards the centre of 
motion. The pull Jrom the centre of motion is called the eentn- 
Jugal or eentre-Jlt/ing force, and the exactly equal and opposite 
reaction is termed the centripetal at oentw-seeking force. It may 
be pi-oved by geometry that each o( these force.i ia eipuil to 



1 




Centrifugal Force. 



the weight of the bocly x the square of the velocity -^ the 
acceleration due to gravity x the radius of the circle deacribe4 
by the body. 

-r. ^'^ 



Or, 



lbs. 



Where P = Pull on the cord, or the centrifugal force in iba. 

„ W - Weight of the body in lbs. 

,, 1' = velocity of the body in feet per second, 

„ ff = gravity's acceleration = 32' per second in one second, 

„ r = radius from centre of motion to e.g. of body in feet. 



the Advanced Course. 
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ExpERiMEKT II. — Take iv ptiil nnd liaJf till it with wnter. 
Attach a rojie to the centre of the handle, and swing it round 
and round yonr head. The water does not fall ont, even if yoii 
swing it in a vertical plnne, if the velocity be sufficient to pause 
he centrifugal force to be gi'eater than the force of gravity. 

Example I. — A ama.ll tin pail, containing i lb. of water, with a 
rope attached to its- handle, is. to be whirled in a vertical circle. 
If the distance from the hand or centre of niotioo, to the surface 
of the water be 2 feet, what ia the least number of revolutions 
per minute that you can give it in order not to spill any of the 
water ? 

Answer. — Here P must be at least equal to 1 lb., for W= 1 lb. 
and j"= 2 feet, whilst 17= 33. 
By the formula — 



F = l 
gr 



secoiS 



^^L formei 

1%. 



Now a circle of 2 feet radius = 12-56 feet circumference^ 
Therefore, i2'56/8 = 1-57 revolutions per second, and r'57x6o 
= 94'z revolutions per minute. Consequently, if you whirl the 
pail at 100 revolutions per minute, there will be no fear of any 
water coming out of it even when it ia upside down at the highest 
part of the circle. 

ExpEKiMENT III. — Turn a disc of wood with a small barrel ou 
one side of the centre. Fit the wheel and the barrel so truly 
with a turned asle that when the axie is supported by eye hooks 
at each end for beai'inga, a cord wound round the barrel and 
then pulled sharply, will cause the wheel to revolve freely at a 
high speed without vibration or oscillation. Now bore a hole 
through the disc near its circumference, and run in molten lead 
into this hole. Again spin the wheel rapidly, when it will be 
found to hobble to such an extent as to shake itself almost out 
of the bearings. 

The centrifugal force due to the unbalanced piece of lead 
asserts itself so thoroughly that when it reaches the higheel 
position of its revolution round the axis, it overcomes gravity, and 
lifts the whole wheel and barrel clean out of the bearings. It 
thereby creates such a disturbance as to leave a distinct impres- 
sion on the mind of the student. 

Next bore another hole through the disc of the same size as the 
former one, and at the same distance from the axle, but diametri- 

Jy opposite to the front hole, and run in the same weight of 
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lefid into it. Again spin tho wheel, and it will be found to run 
amootlily. 

This experiment conveys to the young engineer a most useful 
lesson, for it not only showa him the effect of centrifugal force 
due to wajit of balance, but it also gives him an idea how to rectify 
the evil. 

Balanoing Fast-apeed Machinery. — All faat-speed machi- 
nery, whether revolting or reciprocating, should aa far as possible 
be most carefully balanced, in order to prevent centrifugal force 
coming into play and creating that horrid vibration and noise 
with which it is always more or leas aceompaaiied. There is 
nothing tends so much to the heating of bearings, and to the quick 
wearing out of brasses and other bearing surfaces as unbalanced 
moving parts; besides which, at very high velocities they become 
actually dangerous, and have frequently been known to cause 
destruction to life and property.* 

Centrifugal Stress on the Arms of a Fly-Wheel. — If the 
arms of a fly-wheel or pulley are not properly proportioned to 
resist the centrifugal force due to the mass of the revolving rim ; 
or, if the casting has been carelessly cooled, so as to set up internal 
stresses between the arms and the boss or the rim, the wheel may 
give way. In fact, there is no fly-wheel or pulley made that would 
not burst, under the very great stress of centrifugal force, if you 
only ran it fast enough. The student will observe from the 
formula that the centrifugal force or stress on the arms of a fly- 
wheel is directly proportional to the square of the velocity, so 
that by merely doubling the number of revolutions pei' minute 
you quadruple the stress on the arnos, and if the speed be increased 
thi-ee times, the stress becomes nine times as great. 

Example II. — Each segment of a fly-wheel, with its correspond- 
ing arm to which it is attached, weighs looo lbs., and the mass 
may be taken as collected at a distance of 4 ft. from the axis of 
the wheel. If each ai'm has a breaking stress of 
what is the maximum number of n-evolutions per minute that the 
flv-wheel could be run at without breaking the ) 

Ke binding strength of the rim of the wheel ? 
Answer. —By the previous formala for centrifugal force- 

* See Mr. Laidlaw's paper and tbe discussion on the "Balancing at J 
High-speed Machinery, in the Transactions oi \^e \\]*V\\.M'iKai» " 
Engineers and Sliipbiulders ot Scotland tor Sea8ioi\ \%qQ^\. 
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P =- 

1000 X T? 
300 = .*. ir" = r 
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, ■ . w = 1 1 3 ft. per second , fully. 

Or, V = 113 X 60 = 6780 ft. per minute. ^M 

Now, the circumfereoce of a circle uf 4' radius = 25 ft. ^H 

67»o ... ^ 

,•, ■ ■ = 271 revolutioDB per minute. ^ 

Energy. — In appliPtl mechanics energy menns the capahil'li/ 
of doJDg work." 

Potential Energy is energy due to position of a body with 
Inspect to the earth or some lower place. For example, when a 
body of lo Jba. is lifted 10 ft. high, it huB a potential energy of 
100 ft.-lb.s. ; for it takes that amount of work to lift the 10 lbs. 
through the iq ft, ; and if then allowed to fall, it would naturaily 
give out the Bame quantity of work, either in ovei-coming friction, 
or, if it fell freely, it could be usefully employed to that amount 
and no moi'e. 

Potential energy may also be due to a condition of a body, such 
as the potential enei^ in the coiled spring of a watch or clock, 
which when wound up does work in moving the mechanism. 
We have also the case of potential energy in a lump of coal, which 
when burned gives out heat, that will raise steam to be used in 
a st«am engine for doing wort. Or, in the case of an electric 
battery, where plates of copper and zinc are respectively placed in 
solutions of sulphate of copper and zinc, and on being suitably 
connected by wires to an electric motor, will give out electrical 
energy, which may be converted into mechanical work by the 
motor, and thereby effect some useful piirpose. 

Einetio Energy m energy due lo motion, For example, in the 
first instance of potential energy the weight of 10 lbs., in falling 
freely down thiwugh 10 ft., had stored up in it, due to its niotioTi, 
an amount of accumulated work equivalent to 100 ft. -lbs. 

Accumulated Work,— If a body of weight W lbs. be 1 
to a height k feet above the earth 

The potential energy stored up — WA {ft. -lbs.) 
Now, if the body be allowed to fall freelj-, under the action t 
gravity, through A feet, it would have a velocity at the end ol 
time I seconds of v feet per second. 

Referring back to the formulte for falling bodies previous 
given in this lecture we see that — 

A = *!. .'. WA =^ ft.-lte. 
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Therefore the kinetie enerf/y or aceumulnted trork stored up iu i 
moving boily is expressed by the formula — 
Wf 
'^ 
IfaWly of weight W Iba. were impresaed forward ftlong ) 
perfectly smootii plane for a dieta-nce of I feet, by a force F Iba., 
causing an acceleration of, a, feet per .«eeond ; then the previous 
set of formulw for lineai' velocity woultf apply when the reaction 
from the plane cancelled the force of gravity. 

Here. . , P=—n; and I =— 

!f an 

But the n'orA Done through distance l = F xl 
And . . F X / = -a X 'L = :^ ft..]bg. 

9 2« 2ff 

Therefore in this case the accumulated work stored up in the 
moving body would be fixpressed by the formuLi — 

W 

Accumulated wort in a Hotating Body.— Tf a body of W 
IbR. be concentrated at a distance of r feet from tlie centre of 
motion, and be rotated so that it has a velocity of v feet per 
second, then 

The Acmtynidated Work = — ft. -Iba. 

The Ply- wheel of a steam engine ia an excellent example of 
accumulated woik. If the pressure of steam in the cylinder and 
the point of cut-off be kept constant, and if one or other of the 
machines which are being driven by the engine be thrown out of 
cu-cuit — or,inotherworda,if the belt be moved to the loose pulley — 
the load on the engine will be lessened, and the engine will have a 
tendency to increase in speed. If, however, it be provided with 
a very heAvy fly-wheel, the surplus power of the engine will be 
stored up in the fly-wheel, ao that the increase of speed will not 
be so great as if it bad a light one, or none at all. If a machine 
should be suddenly brought into circuit again after a short time, 
then the load on the engine will be as quickly increased ; but the 
stored-up energy in the ily-wheel will eoiable it to overcome this 
sudden demand for power, so that the speed of the engine will not 
lie greatly altered. The fly-wheel, thCTctcrce, wAss as *. "c«^;i^«^"t 
of speed, not on Jj for a) tern ti one ot load, \mt sAso WOnft ■^wn.^Sss 
pressiirai which exiat in the cylinder oi wci ©tv^"c\e. '^^^Ss. -i 
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particularly noticeable in the case of gaa engines, wliere tS^ 
almost instantaneous explosion of gas in the cylinder at the 
beginning of a stroke createa an immense force, which would 
urge the piston forward at lightning speed, if it were not for 
the very heavy fly-wheel with which the engine is provided. The 
fly-wheel stores np some of this sudden force and gives it out 
again during the intervening strokes when there ia no explosion, 
thus tending to a uniformity of speed which would be conspicuous 
by its absence if the gas engine had only a light fly-wheel, or none 
at all. In fact, the motion of gas engines would be so erratic 
without fly-wheels as to prevent their application to many pur- 
poses for which they are admirably adapted when aided by very 
heavy ones. 

Badiiis of Gyration. — It vfill be evident, almost without ex- 
planation, that in the case of a. fly-wheel or a rotating disc, those 
parts which are furthest from the centre of motion must aoeu- 
midate more energy than those of the same weight which are 
nearer to that centre, because they move at a greater velocity. 
There is, however, for every body a meaw poi^iMao/rotoiion, termed 
t\i& " i-adius of gyratioTt," vihich is at such a distance from the 
centre of motion, that if the whole mass of the body were concen- 
trated there, the same kinetic energy or accumulated work would 
be developed at the same speed or number of revolutions per 
minute. The length of this mean radius varies with the shape 
of the rotating body, and requires a knowledge of higher mathe- 
matics for its computation ; so we will assume that in the cose of 
a fly-wheel it ia at the e.g. of the rim, or that the distance is given 
in any question requii-ing solution. 

Example III. — A. fly-wheel weighing 10,000 lbs. has a mean 
radius of rotation, »• = 5 feet, and turns normally at 100 revolu- 
tions per minute. Owing to the load being diminished, the speed 
increases to no revolutions per minute; what reserve power ia 
stored up in the fly-wheel fit to overcome any sudden increase oF 
loadl 

Answer. — Let ))j = the velocity in feet per second, at the nor- 
mal speed 11, revolutions per minute. 



L 



And i'j = the velocity at the increased speed n, revo 
lutioDB per minnte ; 

«, = 2nrn.= ^ — - = 52-4 tt. per sec. 

7x60 



TRE FLT-PBBSS. 



Stored ena-gy at speed v 



Reserved iUired eiieiyi/ = — * 



= 89,378 ft.-lbs. 



The Piy-preBa.— 
tlie figure, either for 




; FLY-rRLMS. 



IKDEX TO Parts. 

D repTesents Disc tiopporting M. I 8 repreaents Screw. 

H „ MetallobeBtamped. N „ Nut foi B. 

F „ Punch ox die. L „ Levsr arms. 

F ,, Frame of machine. | B „ BaJU or wei(;hlti. 

some design, or for punching thin meta! plates. The piece of 
metal M, to be embossed or punched, is laid on «. A\i«. Vi , li.'ni. "iiiaa 
die or punch P is caused to come down Qtv "^V vjSxNv vi. NwtW 
anioant of stoi-ed-iip energy, Ane to i\\e opevaUiv Wfcw^'ad^J 
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one or other of the heavy iralls B, anil giving them a. very rapid 
tui-n i-ouud. The result of this movement is to send the quickly 
pitched equHi-e-douhle-threadeil screw itipidly through its nut N, 
therehy forcing the guided square carrying the punch straight 
downwarda, and causing the latter to overcome the resistance of 
the bard metal. Neglecting friction at the screw und the guide, 
and considering the combined weight of the two balls as = W lbs., 
and 15= theii- velocity in feet per second at the instant the punch 
meets the metal M, then — 

The stored energy, or energy of the blow, = ft.-lbs. 



If . / = Length the punch 
And R = lleaistance overcome {i 






goes 



iuto the metal i) 



Kf = ^ ft.-lhB. 



L 
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LscruBB XSL — QuBsnosH, 

I . A bodj movefi in a circle with a uniform relocitv - »bow tbat it mast 
be acted on b; a eoniilant force tending; towards tlie centre, and find the 
tuagmtnde of tbe force in terms of the radios of tbe circle, and of the mass 
and velocity of the bodj. 

z. A bod; weighing 2^ lbs., fastened to ode end of a thread 4 feet long, 
is swung round in a circle, of which the thread is the radios ; what will be 
its velocity when the tension of the thread is a force of 2q lbs. (i/ = 3z) I 
Ant. 32 feet per second. 

3. When an anbalanced wheel is set in rapid rotation, a considerable 
amonnt of shale aod vibration is experienced. Yoa are required to explain 
tbis result from first principles, and to state the mechanical laws which 
appear to be at work. How would jon calculate the amonnt of pull that 
this nnbalanced weight exerts I 

4. What primacy law in mecfianics asserts itself when some revolving 
piece of machinery moves at a high velocity, and is unbalaQced 7 A weight 
of 1 lb, is placed on the rim of a wheel 2 feet iu diameter, which revolves 
upon its axis and is otherwise balanced. The linear velocity of the rim 
being 30 feet per second, what is the pull ou the axis as caused by the 
weight of I lb. I ^(is. 281 lbs. 

5. A segment of a fly-wheel, with the arm to which it is attached, weighs 
3500 lbs., and the mass of the portion may be taken as collected at a dis- 
tance of S feet from the axis of the wheel, which jnakes 40 revolutions per 
minute. What is the force tending to pull away the segment and arm 
from the boss of the wheel I (S. and A. Exam, 1SS9.) Ans. 15,365 lbs. 

6. Define kinetic energy. Uow does it diifer from potential energy I If 
a velocity of 300 feet per aecoud is impressed on a weight of 10 lbs., what 
is the measure of the energy now imparted to the weight T (S. and A. 
Exam. 1891,) Aiu. i4,o6ss ft,-lbs. 

7. State the rule for finding the am.ount of work stored up in a given 
weight when moving with a given velocity. A weight of 6 cwt. moves 
with a velocity of 20 feet per second ; bow many units of work are stored 
up in it ? Aita. 4200 ft.-lbs. 

S. Write down the formula for the amount of energy stored up in a given 
weight when moving with a given velocity. Dciicribe, with a sketch, the 
action oEa fly-press. If each ball of the press weighs 50 lbs., and the work 
stored up In the balls is 400 ft.-lbs., Hod the velocity with which they are 
moving. Take the number 32 to represent p. (S. and A. Exam. 18SS.) 
Atis. 16 feet per second. 

9. Account for the storing up of energy in a rotating fly-wheel. If the 
weight of the rim be doubled wMle the rate of rotation remains unchanged, 
how mnoh is the energy increased J Am, Twice. 

10. State the foTmula for the energy stored up in a fly-wheel, on Che sup- 
position that the whole of the matenal is collected in a heavy rim of given 
mean radius. Apply the formula to show (1) the effect of doubling the 
number of revolutions per minute ; (2) the efl^ocE of doubling the we^ht ; 
(3) the effect of increasing the mean radius in the proportion of 3 tr - 
(3. and A. Exam, 1S90.) 

1 1. A fly-wheel weighs z^ tons, and Its mean rim has a velocity qf ^ ts 
per second. II the wheel gives out 10,000 ft. -ftia. olenai^S.^'"™'^"^ 
lis relocity dimiuitJiedl (8. and A. Esam. !&%&.> Aiw. vfi,Vi^ 
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12. The rim of a Uy- wheel weighs 9 tons, and the mean linear vdo 
of its mass is assumed to be 40 &et per second ; how many foot-ton 
work are stored up in it 7 If it be required to store the additional woi 
9 foot-tons, what should be the increase of velocity 7 Ans. 225 ft.-t 
079 ft. per second. 

13. Sketch a Hy-press, explain its action, and state for what purpo 
is cniefly used. Jfind, in foot-pounds, the amount of work accumulati 
a body which weighs 80 lbs., and hais a velocity of 20 feet per sec 
Ah8. 500 ft.-lbs. 

14. In a fly-press there are two weights, each of 60 lbs., placed a 
ends of an arm which drives the screw ; and the velocity of each weig 
the inHtant of striking the blow is 10 feet per second. The die at tb 
of the screw moves through xV ^^^^ i" coming to rest ; what mean sti 
pressure does it exert on the metal subjected to the operation of stam] 

,1 Atu. 22,500 lbs. 




LECTURE XXII. 

Contents. — Some Properties of MaterialB employed by Mechanics — Essen 
f ' Hal Ptopertiea — Estension — Impenetrability — Contingent Propertie! 
^r — Divisibility — Porosity— Density — Cohesion — Compreasibility and 

■ Dilatahility — Rigidity — Tenacity — Malleability -Ductility — Elas- 
^ tieity — Fueibility^Load, Stress, and Strain — Total Stress and Inten- 

■ sitj of Stress — Tensile Stress and Strain — Eiample I. — Compressive 
Stress and Strain— Example II. — Limiting Stress or Ultimate Strengtli 
— Safe Loads and Elasticity —Limit of Elasticity— Hook e's Law- 
Factors of Safety— Modulus of Elaaticity- Ratio of Stress to Strain- 
Example J IL — Questions. 

Borne FropertioB of Materials employed by MeohaniCB. 

— The properties of mutter are almost innumofahle, but they may 
be divided into two classiea : (i) Eeaential propei'tiee ; (a) Con 
tingerit properties. The essential properties are those without 
which matter cannot poasibly esist. The contingent properties 
are thof« which we Und matter pos^essiog, but without which we 
could conceive it to exist. 

Essential Properties — 1, Extension means that property by 
wliich every Iwdy must occupy a certain bulk or volume. When 
we Bay that one body has the same volume as another, we do aot 
mean that it has the same quantity of matter, but only that it 
occupies the same space.* 

2. Impenetrability means that every body occupies space to 
the escluiiion of every other body, or that two bo'lies cannot 
exist in the same space at the sam« time. 

Contingent Properties. — 1. Divisibility means that matter 
may be divided into a great but not an infinite number of parts. 
The ultimate particles of matter are termed atoms, derived froi 
Greek word signifying indivisible. 

2. Porosity signifies that every body contains throughout its 
mass atomic spaces or interstices to a greater or less extent. 
These spaces are filled with ether or gas. This has been proved 
to be the case with every known substance. 

For example, when the steel or cast-iron cyhnderof a hydraulic 
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press is subjected to enormous pressure, water will ooze through 

the metal from the interior to the outside. 

3. Density is that property by which one body difFera from 

another ia respect of the quantity of matter which it contains ,• 
Let M[, M, = Mafises of two bodies 
Let V„ V, = Volumes of two bodies. 
l*t D,, D, = Densities of two bodies. 



If V, . T„ am |i - S ; if D, . D„ the» -■- |i 
If both vary, then 



M, V, X D, 
4. Cohesion is that property by which particles of matter' 
mutually attract each other at insensible or indefinitely small dis- 
tances. It is therefore different from gravilation, since the latter 
acts at all distances. It is evident that without this property 
we could not have a solid, for if a solid body be lifted by one 
part, the remainder sticks to it, and the whole is kept together by 






6. CompresBibility and Dilatability are properties c 
to all bodies, by which they are capable of being compressed like 
a sponge or extended like a piece of india-rubb^ in a greater or 
leas degree. 

0. Higidlty signifies the stiffness to resist change of shape 
when acted on by external forces. TJnpliable materials which 
possess this property in a large degree are termed hard, whilst 
those which readily yield to pressure, without disconnection, are 
called soft. Substances which cannot resist a change of shape 
without breaking are termed brittle, whilst those that do resist 
and at the same time change their form are said to be tough. 

7. Tenacity is the resistance (due to cohesion) which a body 
offers to being pulled asunder, and is measured by the tensile 
strength in lbs. per square inch of the cross section of the body. 
We will consider this property in the case of metals, ic, when 
dealing with stress and stiain. 

8. Malleability is that property by which certain solids may 
be pressed, rolled, or beaten out from one shape to another with- 
out giving way. It is therefore a property depending upon the 
softness, toughness, and tenacity of the material. Gold poeseeseE 
this property in a higher degree than any other metal, and con- 

* Tbe Density of a substsjice is either the number of unite of jnan in i 
nnit of volume, in which case it is eqnal to the heariiieai (i.e., weight of 
unit volume of aubetance in nnit weight) ; or it is the ratio of the n 
agix'ED roJume of the substance to the masa of an equal volui" " ' 
in wbich case it is equal to Hie iji^i^jiK graviXij. 
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sequently sheets of gold are procurable of less than one-thousandth 
of an inch in thicknesB, Oopper is one of the most useful of the 
malleable metals, and it may be beaten out into most elaborata 
shapes -from the solid ingot. Tho Swedish iron of which horse- 
shoe nails are made is also very malleable, and is therefore highly 
prized by the blacksmith. Iiead, although possessing softness, ia 
not sufficiently tenacious to be considered a very malleable metal, 
but still it finds one of its most useful appliuations in the form of 
rolled lead sheathing for roofs of houses and interiors of water 
tants, itc. 

9. Ductility* is that property by which some metals may 
be drawn down through a die-plate into wire or tubes. This pro 
perty depends chiefly on toughness and tenacity. For example, w 
find that the very fine pianoforte wire used with Lord Kelvin' 
deep-sea sounding machine is both hard and rigid, but possesses 
great toughness and tenacity. The copper wire used for electrical 
conductors becomes harder and harder as it gets drawn down to 
smaller and smaller sizes, and it has therefore to be annealed in 
order to comply with the many bondings and unbendings which it 
has afterwards to undergo in winding and unwinding it upon 
bobbins whilst twisting it into a stranded conductor or 
covering it with a dielectric of cotton, silk, gutta-percha, 
india-rubber, &c, SoHd-drawn copper pipes are frequently used 
for conveying steam and liquids where a sound light job ia required 
to resist great pressures. This flowing property of metals is now 
taken great advantage of by the engineer in a variety of ways. 
For example, lead and tin, when subjected to great hydraulic 
pressure, and properly guided through a die, can be squirted into 
long continuous rods or pipes, or s<jueezed on to insulated electric 
light conductors, so as to form a water-tight protecting sheathing 
thereto, just as if these metals were composed of so much plastic 
dough. In fact, aJl you have to do in oivierto cause many harder 
and stronger metals, such as copper, wrought-iron, and mild-steel, 
to Jlow cold into almost any shape of mould, is toapply siiffideiit 
presiure and to give miffidsnt tiine for them to retain their natural 
homogeneous molecular structure, or to adopt means for I'estoring 
the structure should they have departed thei-efrom during any 
part of the process. A metal or other body is said to be homo- 
geneous when it is of the same nature or alike in every respec' 
throughout its mass. 

* Kcfer to the dascriptlon of the Lever Testing Machine, illuatrat^d ii 
Lectnre IV., and ta Sir William Thomson's Hydrostatic Wire Testing 
Machine, illustrated in Lecture XVII., as examplea of machines whereby 
the comparative ductilitj oi certain materials may be ascertained by theit 
percentage clongaticn. 



p 



LBCTCBK XXII. 



10. Elastioity is that property, possefleed by different solids 
ft greater or \ete decree, of r^raining their oi-iginal size and ehaj 
after tlie removal of the force which caused a chnnge of form. 

We sliall see later on that there are limits of elaaticity beyond 
which Ihe bodies will not regain their esact normal size or shape, 
13. Puaibility is that property whereby metals and many other 
substances, such as reeins, tallows, ic, become liquid on being 
raised to a certain temperature. The following tible shows in 
rmind numhtrs the melting-points of a few of the commoner 
metals : — 



lap^ 



Melting Points 
Mercury 
Tin . 
Biamutli 
Lead . 

Antimony 



3 Fahrenheit. 



Copper 
German silver 
Gold . 
Cast iron , 



Nickel, also Aluinininm 
Wrought iron 
PiaUnum . 






1 pro- 
•e«s. ^^ 



3300 
3SO0 

Load, Stress, and Strain. — When force is applied to a body 
sons to produce either elongation or compression, bending, toi-sion, 
shearing, or a tendency to any of these, the force applied is 
termed the load, the corresponding resistance or reaction in the 
material is termed the sireag due to the load. Any alteration pro- 
duced in the length or shape of the body is termed the strain. 

Definitions. — Load is the force or forces applied to the 
Stress is the i-eaction in the body due to the load. 
Strain is the alteration in tibape as the result of the sti 

The load is called a dead load when it produces a steady or n 
gradually increasing or diminishing stress. For example, the 
weight of a roof on the walls o£ a building is a steady or dead 
load. The gradually increasing pull produced on the specimen 
in the lever-testing machine, illustrated by the fourth figure in 
I*cture IV., is also a dead load. 

The load is termed a live load when it varies from instant to 
instant. For example, a regiment of soldiers, or a series of 
vehicles, or a train [lassing over a bridge ci'eates a live load on the 
bridge. 

Total Stress and Intensity of Stress. — The toUil slresi if 

the total reaction due to the total load. The irilenaily of siren, 

or simply the word stre»s, expresses the reaction per uuit area of 

I" ^e cross section. Thus, if P he the total force applied in lbs,, 

' (Od A be the total cross section in stjuare inches, then the 

"lean Inimiaiti/ of Stress on the section = -r- lbs. per square inch. 
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Tensile Stress and Strain. — If the line of action of a loud 
be along tlie axis of a bar, tie-rod^ or beam, ao as to tend to e!on- 
gnte the same, the reaction per square inch of cross eection is 
termed the tensile stress, and the elongation per unit of length is 
called the tensile strain. 

Example I. — A wire y'^ square inch in ci-oss section, and 
lo feet long, is fixed at its upper end. A load of tooo lbs. is 
hung from the lower end, and then the wire ia found to stretch 
1 inch, (i) What ia the stress ? (j) What is the strain ? 

Amsweb. — (i) Here P= looo lbs., and A — -j'lj- sq. in. 

L«t p = stress or pull per square inch in Iba. 
p / 

.-. The stress, or p =-r'= 1000/ /o = 10,000 Iba. per sq. inch. 

(2) Onginal length = L = 10' = 120", and the increase of 
length = / = i". 

Let e = strain or extension per unit of length, i.e., per inch in 
this case, 

.-. TJ^ Strain, or e = '""'^^"^ '^°f,^^ = '- = -^, = -0083 
original length L izo 

Compressive Stress and Strain. — If the line of action of a 
load be along the axis of a bar, shore, strut, or pillai', ao as to 
tend to compress or shorten the same, the reaction per squm-a 
inch of wosa section ia termed the compressive stress, and the 
diminution per unit of length is called the compressive strain. 

ExAMPu: II. — A vertical support in the form of a hollow 
pillar, having 2 square inches cross section of metal, in 10 feet long. 
With a load of 10,000 lbs, resting on the top, it is found to be 
compressed ,'5 of an inch in length, (i) What is the stress? 
(j) What is the strain ? 

Answeh. — (1) Here P = 10,000 lbs,, and A = 2 sq. inches, 

X^et^ = stress or compression per aq. in. of cross section in lbs. 

P 10,000 
,". The stress, or p =-r ^ = 5000 per square inch. 

(z) Original length = L = 10' = 120", and the diminution of 
length = I = '^" 

Let e = stimn or compression per unit of length, i.e., per inch 
in this case, 

„ . diminution in leneth -i" nnnan 

.; The strain, or e = ■ ■ , , ..^ - = -, = -00083 

' original length 120 

Limiting Stress or TJltimate Strength. ^For every kind 
of material and cverj way in wliicli a load is applied, thei* must 
be a value, which, if exceeded, cauaea i\i^tvwe q^ H-wjaVi^ft ^A 'Ooa 
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hmly. The Uxitt load which does bo is called the limiting aVreas or 
vltimaU atrengthper e([uare inch of croaa station of the subetance, 
for the particular way in which the loud is applied. 

Factors of Safety. — The ratio of the ultimate strengUi or 
limiting street to the safe working had is called 1Ai% factor of safety. 
This factor of necessity varies greatly with difl'erent materials, 
and even .with the same material, ai^cordiog to circumstaDceg. 
For materials which are subjected to oxidation or to interDuJ 
changes of any kind, the factor of safety must of necessity be 
larger than in thoee which are always kept dry or are well painted 
and carefully handled. There is no condition in engineering 
structwea which I'equirea a more careful calculation, or estimate 
of the necessary factors of safety, than that of railway bridges, 
which are exposed to all sorts of weathers and to extremely 
variable live loads. The skill of the engineer is therefore brought 
out, when he deeigna structures so as to include all possible 
circumstances to which they may be subjected, and so proportions 
the material at his disposal, that there shall be a minimum, of 
internal stress and strain, with a maximum resistance to dead or 
Uve loads for a minimum cost of material and workmanship.* 

Tabu! of Ultimate Strengths isn Working Loads or Mate- 
rials wui^' IN Tension, Couprbssioh, and Sukabing. 





UUiniiitB Streiiath. 


Worklue Stress. 


MalcrinK 


Toiia per sq. Inch. 


Tous per sq. taeh. 
















Tb«- 


Com- 


Sbcar- 


Ten- 


Coin- 


Sb«r- 




Hlon. 


"""'""■ 


\vm. 


sion. 


I.ri™i,m. 


luf. 


Cast iron . . . 






[4 
















5 


35 


4 


Steel bare . 


45 


70 


30 


9 


9 


5 


Copper bolts 




2S 




J 


5 




BroBs sheet . 


14 


- 


^ 


3 




— 



Safe Loads and Elasticity.— As a rule, however, the object 
of the engineer is not to put such a stress on his uuttei'ials oi 
construction as will cause rupture or destruction, but i-ather to 

other babies relating tu the Strength of Materials m Eagiaeeriue 
Conalrnctiona, Factors ot SaieV,-j, dc, letat W Rankine'a '■ Hulee ami 
Tables," Molosworth's " Pockel Boot it 'tii'&Titsm-a^lSorEift'ot.V O.K. 
aaxke'B ■' liules and Tables," " Tbc ¥iactv«*i'e.»i?>a^i* ^'^iVev. ^s^j,.:, 
id for Blectrioal BngiiieeriBK^a*'«'^^«^»^'^'^'^'"'^ 
" ofBIeotricalKmeBandtsLlAwi." 
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a machiiiBB and miBe structures that will withataud all rea- 
ble forces likely to be brought to bear upon them. Conae- 
quently, he is quite as much interested in what may l>6 termed 
safe loads as in ultimate or destructive ones. He therefore 
requires to know what loads can be safely applied to materials 
itnder difi'erent circumstances, so as to comply with that most 
useful property termed elastiaity, which we again define as the 
capability of regainiTtg their origiTtal size, thaipe, and even strength, 
after the removal of the forces which caused a chamge of fan 
them. 

T. imi t, of Elasticity — Hooke's Law. — So long aa 
stress or reaction per square inch of cross section does not exceed 
a certain limit, called the limit of elasticity, then the material 
will return to its original shape, size, and streugth, after the 
removal of the load. This limit has been ascertained for most 
materials of coustruction by elaborate experiments, which t 
be found tabulated in the Proceedings of the Institutions of the 
Civil and Mechanical Engineers, and in such books as Rankine's 
" Rules and Tables," Molesworth's " Pocket Book of Engineering 
Formulie," and D. K. Clark's " Eiiles and Tables." For example, 
with a bar of good wrought iron the elastic limit is only reached 
after a stress of 24,000 lbs. per square inch has been brought to 
bear upon it, and in a similar degree every other material has a 
corresponding limit, beyond which it is not safe to stress it, for 
fear that it should bo strained, and thus lose its property of 
recuperation or restitution. 

Within this Umit there is a rule termed Ilooke's Law, which 
holds good for metal bars under the action of forces tending to 
elongate or compress them. This law states that ; 

([)The amount of extension or compression for the si 
is in direct pi-oportion to the stress, 

(a) The extension or compression is directly proportional to 
the length. 

(3) The extension or compression is invei'sely proportional to 
the cross sectional ai'eaj consequently, if the ai'ea be doubled the 
extension or compression will be halved, or the resistance to the 
load will be doubled. 

Let P = Pull, push, or load in Ibe. on the bar. 

»„ A = Area of I'roas section of the bar. 
^, L = Length oF the bar before the load was apphed. 
„ I = Length by which the baj- is extended o 
„ p = Stressor load per square inch oi cnwa^jetAAQ^i. ="?\tw. 
p 
Then, so long as v- does not exceed the elastic Umll ,\ NKwa*. 



r 

I 




of the same mnterial and subjected to the same conditions. 

In other words, 60 long as tbe stress does not exceed the e! 
limit, the strain will be proportional to the stress. 

If odnluB of Elasticity, or Satio of Stresa to Stradn.— As 
we have just indicated, by House's Law, if a metol under test be 
gradually subjected to a stress, and if the l')ad does not exceed 
the limits of elasticity of the material, the strain will be in pro- 
portion to the load. 

Consequently, the ratio oE the stress to the strain is a constant 
quantity for each particular substance within the limits of Hooke' 
Law, and is termed the Modidvs of Elasticity of the substance. 

But . . Stress « Strain 

Stress = 'Ex Strain.* 
"Where E repreaenta a constant number or modulus depending 
the natural elasticity of each material — 



Stress 
Strain 



i 



i.e. PL = A?E 

Or, imagine^i( is pure imagination — ^that a substance could 
be elongated to double its length oi' compressed to half its length 
by subjecting it to a certain load, we should then have an index 
imlue, or constant number, or modulus, by which we could com- 
pare it with every othei' substance which did likewise under 
similar circumstances. This imaginary value i^ termed the 
Modulus of Elastiinty, 

For example, take a bar of wrought iron of i squai-e inch cross 
section, which is found to stretch Tfj^innnr P'^'^ '•^ ■'*' length 
under a stress of i lb., and consequently by Hooke'a Law twice 
that amount under a stress of 2 lbs,, and so on ; then this number 
(24,000,000) is called the Modulus of Elasticity of the iron bar. 
For, if the elasticity of the bar wew peifect, it is evident that a 
stress of 24,000,000 3bs, would produce a stniin or elongation 
equal to the length of the bai-, or, | jggggg g= i. In other 
words, the length of the bar would be doubled under thi» stress. 
Consequently, we have the following definition, 

* Since efras is reckoned bj bo man3\\jB.\ieisj¥iB.iftuidi.o{cco68 section 
fa material, and etrain is simplj bai B.\)Bi\aiiVii>i'aiii'a,'& VtJAn-Bs.'Ocaji.'C^ia 
I Modulus of B'ksticity (E) louat alao be ieti\.otie4 \ii «i iaii.-&^ \q^- \rai 
K -eiacb 
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Dbfinition. — The Modvlvs of Elasticity of any substance is 
that load which would double its length on the supposition that tlie 
elongation was proportional to the stress, and that the cross section 
of iiie bar was of unit area, or one square inch, and supposing the 
bar to remain perfect during the operation. 

From this we again see that — 

Modulus of Elasticity = r-= E = — / — 

'' in A/ L 

Or, .... 



strain 

fl=a;e 



Moduli of Elasticity to Stretching. 
(See Rankine*s Rales and Tables for complete Data.) 



Material. 


Modalus of 

Elasticity io 

lbs. per sq. in. 

in round 

nambers. 


Materia]. 


Modolas of 

Elasticity in 

lbs. per sq. in. 

in round 

nambers. 




(Mean ralaes.) 




(Mean values.) 


Wood, Elm . . . 


1,000,000 


Lead (sheet) . . . 


700,000 


„ Larch . . 


1,100,000 


„ (wire) . 






1,000,000 


„ Beech . . 


1,300,000 


Brass (cast) . 






9,000,000 


„ Birch . . 


1,400,000 


„ (wire) . 






14,000,000 


„ Mahogany . 


1,400,000 


Copper (cast) 






15,000,000 


„ Oak . . . 


1,500,000 i 


„ (wire) . 






17,000,000 


„ Pine (yellow) 


1,600,000 


Cast Iron . . . 






18,000,000 


„ Ash . 


1,600,000 


Wrought Iron . 






25,000,000 


„ Teak . . . 


2,000,000 


Steel .... 






35,000,000 



Example III. — A steel bar 5' long and 2 J sq. in. in cross section 
is suspended by one end ; what weight hung on the other end will 
lengthen it by '016 inch, if the modulus of elasticity of steel is 
30,000,000 lbs. per square inch? (S. and A. Exam. 1877.) 

Answer. — First ask what is wanted ? Viz., stress, 

stress 
Now the universal rule is Modulus of Elasticity = -- — r- 

^ ^ strain 

Or, stress = modulus x strain. 
For, The strain is the elongation per unit of the hrij^tK. 



Conseq nen tly, / = -7 



016'' 



5 X12'' 



•016 
"6^ 



= -0002C>. 
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.•. The Sti'es(i= Modulus 5< Btriiin 

I. = 30,000,00a X '00036 = 8000 lbs. per sq. 1 

And, The Total Stress = 800a ]bs. x 2-25 sq, m. = 18,000 Iba. 

Or, we might have app]ie<l tlie furmula previously d 

PL = An3, 

where P is the total pull i-equii'ed ii 



225 tq. iiL«oi6'x(3oxitf) ^ 



18,000 Iba. 



^^od 



Example IV. — What do you understjitid hy stress and atiain 
respectively? If an iron rod, 50 feet long, ialeogthened by J inch 
utider the influence of a stress, what is the strain ? (S. and A. 
Exiim. 1892.) 

Answer. — A'tress is the reaction per unit area of cross section 
due to the load. Let P = the total tension acting on area A ; 
p 
Then streas=p = -T- 

Strain is the ratio of the increase or diminution of length or 
volume to the original length or volume. Let L = original length 
of a, bar of the mateiial, i = Einiouiit by which the length is in- 1 
creased or djiniiiiahed ; then, when the bar is subjected to stress, 

I I 

The atrain = e = p 

In the example given, L= 50' x 12" = 600 inches; and 1= Ii inck ' 

.-. Sti-din,e=j. = ^ =^—=-00083 j 

Example V. — -From the above question and answer determiM | 

the modulus of elasticity of the iron of which the rod is composed, I 

if the load was 4366 Ibe., and the croHs section of the rod 2 squitn ' 

incheu. i 

Total load ] 

AN8wek.—(i) Stress =.,, 1 

,-, P 4366 lbs „ ,. I 

Or, . . , ;i = _ = :t^ — =^183 lbs. I 

A 2 J 

(2) Modulus of Elasticity = ^^i^l^ \ 

, . . . E = ? = - ^^^. - 26,000,000 - 

A load of 2 5,ooo,ooq\Vib, wo\\\4^'ot%a-'s.ft ^vsA u\ -Oe«,\i^ % 
to double its length by tensiVe ft^-ve^ns. 
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Lbcturb XXII.— Questions. 

1. State and define the essentiol and cuntingent properties of matter, 
and give the names of those engineering materials with which you happen 
to ije praoticallj acquainted, that beat exemplif j each propeity. 

2. What is the meaning of the term ductility as applied to wrought iron ? 
Describe, with skctohes, some apparatnsi for testing a piece of metal aa to 
dnctiUty. If a wiiform bar of iron lo inches long is found to stretch 
ij inches at the time of fractore, what is the jneBaure of the ductility of 
the material of the bar? (8. and A. Exam. 1889.) Aiis. 15 per cent. 

3. Give the approximate breaking tensile stress for a Ijar of cast iron of 
one square inch sectional area, and the same for a bar of wrought iron 1 
What is the meaning of the term doctilitj as applied to wrought iron, and 
how is the ductility of iron measured! 

4. What must be the diameter in inches ot a round rod of wrought iron 
in order to sustain a load of 50 tons 7 It is given that abar of ir on 1 s quare 

Inch io section will just support a load of 25 tons. Ans. = * / rigTT 

5. What is the modulus of elasticity of a substance I Aroundbar of iron, 
12 feet long and t^ square inches in sectional area, is held at one end and 
pulled by a force till it stretches J inch ; find the force, the modulus of 
elasticity being 30,000,000. (S. and A. Exam. 1891.) Am. 39.063 lbs. 

6. A round bar of steel i " in diameter and jo feet long, is lixed at its 
upper end, und a load is applied to the bottom end and stretches it ■o^". 
Find the load if the modulus of elasticity is 30,000,000, An». gSiJ'S lbs. 

7. find the dimensions of a transverse section of a square rod of fir to 
sustain a suspended load of 10 tons, the rod being held vertically. T' 
breaking load of a rod of fir one square inch in section is 6 tons. A 
i-29incbei. 

S. Kind the extension produced in a bar of wrought icon 4 feet long and 
a square inches in section by a suspended weight of 45: tons, the modulus 
of elasticity ot the material being 29,000,000 pounds per square inch. 
{S. andA.Bxam. 18S9.) ,1ns. 'ooginch. 

g. What do you understand by the terms stress, strain, and modulus of 
elasticity 1 A tie-rod, loo* long and 2 square inches cross area, is stretched 
.75" tmder a teneion load of 32,000 Iba. What is the intensity ot the stress, 
the strain, and the modulus of elasticity under these circumstances I 
(ti. and A. Exam. liiSS.) Avi. 16,000 lbs. per square inch; O'ooo5zj ; 
2 J ,600,000. 

10. Define what is meantby "deadload," "Uveload," " limiting stress," 
■' limit of elasticity," and " factors of safety." 

It. What do you understand by stress and strain tespoctively 1 If an 
iron rod, 50 ft. long, is lengthened by i in. under the inttueuau of a stress, 
what is the strain ) If the rod is 2 sq.in. in section, and the load 1 t,ooolbH., 
what is the modulus of elasticity 1 Aits, -D00417 ; 13,200,00a 

13. Find the stress produced In a pump-rod 4" diameter, Uftiug a bucket 
3$" diameter it the pressure on the top of the bucket be 6 lbs. per square 
Inch in addition to the atmosphere, and the vacuum below the bucket ba 
26" by gauge. Keckon each 2" of yacuum:=i\b. Aiui,'^i^'&ia.v^i-y\-\"' 
ij. if the rod in question is 5' long, fijaii\t6 extetisvoD'Atici^^^'^'^'*''* 
elaslicilj=p,aoo,ooo. Ana. '006 inch. 



LECTURE XXIII. 

Gout »STB.— Stresses on Chaina— Shearing Stress and Strain— Eiampla L 
— Torque or TwiBting Movement — Strength of Solid Bound Shatts— 
Example II. — Prefisures on and Reactions from the Supports of Beams 
^Kiamples III. IV, — Tiansverae Stress or Beading Moment of Beams 
— (ij Load at Middle ; (2) Load Distributed — Example V.— Questions. 

In this Lecture we will continue the subject of " strength of mate- 
rials," and finish the course with reasons for the shapes generaUy 
given to sections of cast iron, wrought iron, and steel girders. 

Stresses on Chains. — The only stress to which the sides of the 
Hnks of chains are subjected under oi'dinary circumstancefi, is tliat 
of tension. This stress tends to bring the sides of the links closer 
together, and consequently we find that large chain cables for 
mooring ships {where very sudden and severe stresses are encoun- 
tered) have a east-iron stud or wedge fitted between the inner 
sides of the links. These studs most effectually keep the sides of 
the links apart, and prevent any link jamming a neighbouring 
one. They add materially to the strength of the chain, for they 
are in compression whilst the sides of the links are in tendon- 
Being composed of cast iron, which oilers the immense resistance 
to compression of fidly 45 tons per square inch," there is not 
much fear of their giving way before the sides of the links. 

The strength of a stud-link may be taken as equal to double 
the strength of a rod of wrought iron, of the same diameter and 
quality of material as that of which the chain is composed, whereas 
the strength of an open-link chain is only about 70 per cent, of this 
amount, even with perfect welding. 

In Molesworth's " Pocket- Book of Engineering Formulte," the 
student will find at page 54 a formula for the safe load on chaiiu, 



Lei 



W = 7-i 



= Safe load in tons. 



mViaij, \Atfi4i, ■^'s. 
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Now, such a formula is very easy of applicatiou, but the student 
sliould never rest content until he finiis out how the constants 
have been arrived at, and what relation the various symbols have 
towards each other. If he refers back to the short table of 
"TJltiniate Sti'engths and Working Loads" given in the previous 
Lecture, he wOl find opposite wrought-ii'on bars and under tenEion, 
the vahie 5 tons per square inch as the safe working load. Con- 
sequently, applying what was said above about perfect stud-link 
chains, he will see that — 



w-f" 



(twice the load of a rod of the same diameter and 
quality as that of which the chain is composed. 
.■. W = 2 X 5 X croan area of the chaiu iron. 

= 4 ^ ■^ 7 

This ia near enough to the constant given by the above empiriail 
formula to enable him to see how it has been obtained. 

Chains which are subjected to many sudden jerku (such nn lift- 
ing chains for cranes and slings) become in time ciystalline, or 
short in the grain, and consequently brittle and unsafe. The 
best precaution to adopt in order to periodically remove this en- 
forced internal condition, ia to draw them once a year very slowly 
tlirough a fire, thus allowing them to become heated to a dulli'ed, 
and then to cool them slowly in a heap of ashes. This method 
is followed at Woolwich Arsenal and some other Gtovernment 
works. 

Shearing Stress and Strain.— The action which is produced 
by shearing and punching machines on iron, steel, or copper plates, 
&c., is to force one portion of the metal across an adjacent portion. 
The shearing stress is the reaction per square inch opposing the 
load or pressure applied to the shears or punch, and the shearing 
stiain is the deformation per unit length or volume. Rivets 
holding boiler plates (ogether, fulcra of level's, the pins of the 
liuks of the chain of a suspension bridge, the cotter keys of a 
pump rod, are all subjected to shearing stresses and strains. The 
ultimate and the working shearing stresses for a few engineering 
materials were given in a table in Lecture XXII. 

In the case of loaded beams (which we will consider shortly in 
connection with bending moments) the shearing force at any point 
or any transverse section thereof is ec^ual to the algebraical sum 
of all the forces on either side of the point or section, 

Ex^kHPLE I. — A steel punch 1'' diametet w \K«i '\a a.>»iS4{^ 
shipyard punching machine to make W\eB in &tfee\ V«»'^** ■^' '^s*^^' 
Wbnt nill be the totnJ shearing stress oY\eaat ■^ves&wirfc'W*^^ 
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AXEWBB. — Referriog to the Uible in last Lecture, we sec unu m 
nltimitte sheiHing strength or sUeaiiog street) for stoel beta (wU 
wo will amume to \» the saina as for plates) is 30 tons per sq' 
inch. Now II hole i" iliametej* ban a ciretiniferenco = 
- y 1 4", and mum the plate i» 1" thiok, the area of the rem— 
MH^ioii must be tlie nircumference of the hole x iU depth, < 
= 3-i4"x I " = 3-14 wjtmre iiiclies. 

,*, 'I'ho total pressni-e ret[iiired = 30 tonsx 3'i4 = 94-3 tons. 

Torque, or Twisting Moment.* — In the caste of a shift 
linving n lever, pulley, or wheel fixed to it with a force Plbi,, 
applied nt iiuHiih U feet from the centre of the shaft, then 

Thf ti'-Utinij moment is = P x R foot-lbs. 



7'be tarquK = P x R inchlbs. 

Strength of Solid Bound BheAs. — It is evident from the 
above, tiitit ti shaft eubjeeted lo a twisting uioment must offer s 
Bufiicient rtsiatance thereto, otherwise it would be twisted, 01 
shcai'eil, or ruptured through by the torque. It may be proved 
that in the case of solid rouiitl shafts their resistanoe to torsion 
w directly proportional to the cuhet of their diameters when made of 

I same materaJ and quality.')' ' 

The term tongue waa devised hj the lata Professor James Thomson, of 
Glasgow Uoivcrsit;, to sigoify twistioe or tortlonal momcat. Tbe fool- 
lbs, of Wrque most out be confused with ft. -lbs. of work or with reiitieva, 
which is the worl dooe in straining a, body aa mcasated by the clonj^IiciD 
oc oompression in feet x tbu tnean load ouiiaiog the strain. It will there- 
lore, perhaps, save confusion, to calculate torques in inch-lbs.— >.«., to 
lake the leverage or arm of the moment iu inolies, and the force apijieid 
in lbs. 

t This is evident from the foot that the shaft must offer a momenl of 
reiata«rt, or tk*ari»g /luinifHi, pqual to tlie twitting jnomenl at the instant of 
rupture. Now, the area to be ahourod is tbe cross area of the shaft 

— D*, where O is the diameter of the shaft. The mean arm or leverage at 



1 moan arro is therefore^ _ = — . And, if the sboariog e an e p< 

nrr iiw* of cTosa section of the materia! be = S, the p f>du o h se 
three goaiititics will bo the lolal thcarlag iHomml, tuid mu eq a 
L tin$liiig momeHl — vi». = I" x R, wbeco T is ttic toTiw B^>v\\e4.iiL he end of he 
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= Diameters of three shafts, i", 2", and 3" dia- 
meter respectively. 
= Torques which they will respectively resist 
when stressed to the same ext«at. 



T, ; T, : T, 
T, ; T ■ T, 



D/ 



In other words, the strengths of the three solid shafts will he as 
I :8:a;. 

A good wrought-iron shaft of i" diameter has been found to 
withstand a torque of 800 lbs., or 9600 inch-lbs., which means 
that they will resist 800 ft.-lba. force at i foot, or 12" leverage, or 
400 Iba, at 2 feet, or 24", and ao on. 

Or, . P y R' == 800 feet-lbs. of torque 
i.e., . P X E" = 9600 inch-lbs. torque. 
Example II. — On the above basis, what force acting at the 
circumference of a pulley 20" diameter will break a wrought- 
iron shaft 2" diameter ? 

Answeb, — By the above rule we have the proportion : 
T, :T, :: D/ : D/ 
But T, = P, X R," = 800 lbs X :j" 
AndT, = P, X R,'' = P, X 10" 
.-. P,R, :P,R, :: D,° : D/ 
i.e., P,R, X D," = PjR, >; D," 

P.R, X D," Sao X 12" X 8 

Or, . . P, = -'rii J^ = - 7-, 7880 Ibe, 

' 5 D,' X Rg I X 10' 



V 4 4 y 16 



Conseqnentlj, 

Bat S ifl a constant quantity tor any particular material. Also, ir and 16 
are constants. .•. P x R vary as D'. 

At the instant of rnpture the strenglk of the shaft just balances or ia 
equal to the lutiitiag moinenl P x R. 

.'. The Btrength of shaft varies as D". 
Tliis is the same aE the general statctaent in the text above. Without 
some anch algebraical explanation, studenta are sorely puzzled how the 
cube of the diameter crops up ; or still more bo when they see the following 
which appears in some text- books. 
The moment of resistance of) 3'l4i6 ,. .. , . . 

a rotind shaft to torsion | =^-^ '■" ^w^et^r* x shearmg stress 
Such a statement ip, however, qnite evident after the above analysis, 
must leave the consideration of hollow shafts, tubes, i;c., to oar Adv 
Course, ) 
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Freaaurea oq and Bsactioiia ftom the Supporta of Beama. 

— If a beam be supported at its extremitiea and loaded in the 
middle, as shown by the following ligure, then not only the 
weight of the beam, but also the load, pi-oduce pressures on and 
equal reactioaa from the supporta A and B. 

(i) Neglect the weight of the beam, and consider oj*/y the 

' !t of the load W. 



^ 



R.= ? 


m 




r 


^^g:i^ 


^^^^^^^^ 


^^^g 






Reactions at A m 


,dB. 





Let R^ be the reaction ut A, and R, the reaction at H, 
by taking moments about the point B, we have — 
BixAB = WxOB 
Ji,xL =Wx- 

„ WxL W 

Also, by taking moments about the point A we have — 
R,xBA = WxCA 
Il,xL =Wx- 



, K,= 



sxL" 



We thus see that the upward reactions are each = ^W, and since 
itctioD and reaction are equal and opposite, the pressures down- 
wards at A and B {due to the load W at the centre ot the beam) 
mvst also be equal to ^W. 

{3) If we consider the beam as uniform throughout, and its 
weight as = w, then this force may be supposed to act at its centre 
of gravity, or at a distance = ^L from A and B. The load W also 
acts at a distance ^L from A and B. Consequently, taking 
' s about B we have — 



R,xAr5 = WxCll + 



xCIB 






^) 



In the same way, hy taking momeuts about A we should find 
, „ W M 
that Rj^ — + -, and consequeatl; the downward pnamTa at 

W w 
pointe A and B muet also be equal to — + — . 

ExAHPLX III. — A unifomt beam of length L ft. and weight 
w Ibe. is supported at both ends, and canies a weight W at one- 
fourth of the distance between the supports from one end ; find 
the pressures and reactions at each point of support. 



?*? = ■!. 




Akbwer. — The above figure represents the data given in 
question; for, the distance between the supportu A and B = 
the weight w of the uniform heam acts at its e.g. C, or at a 

tance = — from each end, and the load W acts at D, or a 

tance =— from one end A. 

Then, by taking moments about the point B, we bave^ 
H, j< AB = W >< DB + w X CB 

R,>:L =Wx-fL +MX- 
(-~ both sides of the equation by L. ) 
. The Upward Reaction at A = E[ = JW + J«i. 

And consequently, the Downward Pressure at A being eqiial 
■ opposite to the Upward Reaclityit at A, must also be = ^W + Ji 



1 
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III the same way, by taking moments about the point A, wo b 
E, X BA = W X DA + w X (JA 
E,xL =Wx^L +i«xiL 
(-=- both sides of the eqaation bj L.) 
.*. The [Tpward Jimction at S = \W + ^10 

And consequently, the Doionioard Pressure at B, being equal and 
opposite to the Upward Reaction at B, must also be equal to 

Example IV. — A uniform beam, rz feet long and weighing 
loo Iba., is supported at both ends, and carriea a weight of 2 cwt. 



a distance of 3 feet froi 
point of support. 



I end ; find the presaure o 



-0 



Take moments round £, then 



► 



R.x AB = WxDB + iPxCB 



+ it, = W ( H) 

. R, = 224-3-ioo 
= 106 lbs. 



TranHverBe Stress or Bending Uoment of Beams. — A 

insverse streBS is produ<»d by a force or forces acting perpen- 

lularly to the axis of a biir or beam. By axis we mean a line 

g through the centres of gravity of all the tr,insverse or 

cross sections of the bar or beam. 

(i) Ltrnd at J/irfrf^e.— Consider the case of a rectangular beam 
(as represented by the fii-st of the previous figures relating to 
beamB), where the load W is placed at the centi-e of the beam C, 
about which point we desire to find the transverse stress or bend- 
ing moment. Then, iififjlectiwj ifie (wigM 0/ the beaTfLiil*t\J.,^\A, 



TamxG TUE Bisdixc Momekt at Ckstse. 

Kid Load W aaifvrnJy dutribiUtd aJomff Ikr Beam. 

{2) Load DittribtUat. — Let AB repreeent the twite beam, but I 
with the load uniformly du^trilnited along its length, and still I 
neyUdiiuj l/ie weiyht of 8ie btaui, we gee Ihub the loads on AC and 

W 
on CB are each equal to , for they together make up the wholu 

loiul W. TheM loadri may be contiidei'ed as acting :it pciinle mid' 
way between A iiml O, and midway between B and G, or eaeb oE 

them at a distance = — fi-om C We have alijo, as before, the re. 
4 
W 

acliouH - at A and at B. 

Tlien, by taking moments about the point C from A or from B, 

J 2 2 4 2U 4/ 8 ^ 

This hIiowh that the transv^i'se stress, or bending moment at 

* The reootion —at A or at B is oontrarj in direction to — at eithw 
' Twiddle ol AO or the middle of BO ; consequently, we must taM,^H 
' nnuD of ltie*e m jmontH iu ijtdot to gtt Itw act bending ti ' ^^^ 
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C, is only half the magnitude when the load ia uniformly dis- 
tributed that it was, when the whole loud was concentrated at the 
centre C. Conseqaently, a uniform beam of certain dimensioas 
will bear double the load, evenly distributed, that it can support if 
the load be concentrated at its -middle or about its centre of 
gravity. 

Example V.^A uniform beam 12 feet long weighs 400 lbs., 
and is supported at its estremitieB. Find the bending moment 
tending to break the beam at a point 3 feet from one end, and 
the shearing force. 

Answer. — Here we have only to consider the weight of the 
beam just as if we had been considering a uniformly distri- 
buted load. Consequently, the pi'evious figure will help the 
student, for the point about which we have to take 



3 feet from one end, or —, - \ of the whole length 1 

supports fixim one end." Let that point be from A. Then the 

4 
weight of this jMii't - = J of 400 Ib.i. = roo lb.''., and may be 
4 

sidered to not at a point — from A, or lialfway along — froi 
ti 4 

and downwarde. In the fpiestion - = 100 Iba. for the whole 

weight of the beam, or W = 400 Iba. The totel weight W pTO- 

W 
duces 'upward reactiong at A and at B = — = soo Iba. 

Then, by taking momenta about the point 3 feet from A, ■ 
have — 

/W L W L 



1 



\z ^ 4 S) \ s 32/32 



N.B.— Students may always cheek the B,M. result aa found 
fi-om one end, by taking moments about the same point from the 
other end. The two results muM be equal to eajjh other, for 
there is equilibrium between their effects. Therefore, by t-aking 
moments about the same point 9 feet fi-om B we liave — 



* It the stadeot ojrperienceB any difBcuIlj in understanding the abova 
reasoning, ho should at onoe draw down a figare to scale, Diarking all 
lances, weighia, reactions, &c,, at Ibeir v^opet ■t\ttCBa, 



B.H.^ 



\2 4 4 2 4/ 

- /JWI- _ 9WL \ _ / iiWL - 9WI. \ _ aWL , 3 « 400 > 



= 50 ft. -lbs. 



r 

^H Or, the oame result as before. 

^H Shearing Force. — As was presiotisly pointed out in this Lec- 

^m ture, and as wfll be still further considw^ed in the next Lecture, 

^B the eheariug force or load at any poi»t or aiiy transTerse section 

^H of the beam is equal to the resultiint or algebraical 

^B parallel forces on either side of the point or section. 

^H Consequently, in this esample, the forces on the A side of tbe 

section, where the shearing force is asked for, are — acting verti- 1 

W ^ 

cally upwards at A and — downwards. 

.". The Shea/ring Force to Tje/t of the Section 






The Shearing Force lo Bight of t/ie Section 



100 Iba. doiimv-ards. 




r 
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Lecture XXIII.— Questions. 



.. An open link chain is constmoteil of ronnd wrought-iron rod, | inc 
.„ diameter ; calculate what is a probable breaking load on the chaii 
Wronght-iron chains are liable to deterioration by ooMtant use ; what I 
change do they andergo, and what precaation ia taken to prevent their j 
breaSaog t 

2. A acee! panoh J inch in diameter is employed to pncch a .mni .^ - 
plate I inch in thicfcueas. What will be the least pressure necessary in 
Older to drive the punch through the plate when the shearing strength 
of the material is 35 tons per square inch 1 (8, and A. Bsam. 1890.) Am. 
537 tona. 

3. Define what is meant by "shearing streaaand strain." "torque or 
twisting moment." Show by an example that a shaft subjected to torque 
beari a shearing stress tending to sever it at right angles to its axis. 

4. What is meant by the " twisting moment "of a shaft ? If a wrought 
iron shaft i inch in diameter breaks in torsion by a force of 800 lbs. at the , 
end of a lever i foot long, what force at the end of a lever 2 feat long i 
will break a shaft of the same material, bat 2 inches In diameter J Find ■ 
also the diameter of a wrought-iron shaft to resist a force of 2 tons at a *! 
diatance of 18 inches from its centra. --Ins. 3200 lbs. 2 inches full. j 

5. If a shaft, 2 inches in diameter, ia fonnd equal to the transmission of 
4 horses' power, what amount of power can be transmitted by a ahaft 4 
inches in diameter, all other conditions remaining the same J Am. yi 
horse-power. 

6. If a revolving shaft, which is 2 inches diameter, la found aufiicientlj 
strong to transmit 4 horae-power, how mnch power may he transmitted 
by a shaft which is 3 inches in diameter, supposing all the other conditions 
to be the aame, and that the iron of Troth shafts is subjected to the same 
atreaal Am. 13-5 H.P. 

7. If Soo Iba. at the end of a 12-inch lever be a safe stress to apply to a 
wrought-iron bar one aquare inch in section, find the effort which a shaft 
2 inches in diameter can transmit at the circumference of a puUej one 
foot in diameter, and malting 300 revolntiona per minute. Find also the 
horse-power transmitted. A-ax. 8893 lbs. ; 254 11. P. 

8. If a wrought-iron shaft oE i inch diameter is broken by thejtorsion of 
a load of 800 Iba. acting at the end of a i2-inch lever, find the weight 
which, when applied to the end of the same lever, would break a shaft of 
the aame materud, but 3 inches in diameter. State, in general terms, the 
reasoning by which you arrive at the result. (S. and A. Exam. 1891.) 
A^. 21,600 lbs. 

9. A nniform beam 10 feet long, and weighing 1000 Iba., ia supported a1 

both ends. A weight o£ 100 lbs. is placed at a distance of two feet from I 

— ._a n. , ^-, , ' each point of support and maka I 




arrangement to scale, marking on your sketch tbs I 
, and reactions at «ach place. Ana. 580 lbs. ; 520 lbs, 
I. Define what is meant by the bending moment and the axis of 
I uniform beam 10 feet long weighs 500 lbs., and is supported 
-•-^■--- Find the bending moment tending to break it -* - 
' (S. and A. Exam. 1890.) -i™. 600 ft.-lbs. 
t long is supported at its ends, a,\id vaVoo 
a point two feel from one cti&. "StoA 
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statdKeectieof dKbcm^JOBdalsotlieslieaniigfaRe. (&aiidA. 
Enai. 1S91. Amjt, BJf.— 36 iwii-tacs, SLF.^cs ton. 

12. A fcorcf pKE«44xcebEs loog rots oa praps ai its extremities, and just 
ffvpprjvts 10 weigiiu. cf 14 lbs. c«:li, bmis at eqnal interrals of 4 inches 
along the n^l Find the aaKmt of a sm^ vo^lit wliicb, if hong at the 
oeBttt ol the bar, wovid stcazn it to the same extent. Ams. 76*36 lbs. 

13. A batten of fir. 6 feet in length and sopported at its extremities, wDl 
just SBStatB a load of 520 lbs. when himg at the centre. If this weight be 
renKyred. and two weig^itsv catch eqonl to P Ibsu, be hm^ at distances of 2 
and 4 feet along the bv, what is the greatest Yalne idiich maj be assigned 
toP! vliM, 390lb8. 



LECTURE XXIV. 

CONTEKTS.— Ben ding Moment of Cantilevers, (i) Loaded at Centre, 
(2) Load Uniformly Dintributed — Bending Stresses — Neutral Surface 
and Neutral Airis— Moment of Resistance opposed to the Bending 
Moment — Strength of Eectangnlar Beams — Relative Strengths of 
Rectangular Beams supported and loaded in Different Wajs— lUustra- 
"~~ns, Esplanations, and Formuliefor Rectangular Beams supported iu 



I 



Bending Uoment of GantUevers. — When n, bar or beam ia 
fixed rigidly at one end by being built into a wall or otherwiBe, 
and projects outwards for the purpose of supporfcing a load, it is 
termed a cantilever. 

(i) Loaded at Chfter Eiid. — If, as shown by the following figure, 




Can TiLtTEB.— Load at Outkr Eni 



the load be placed at the outer end, then the maximTim bendiii 
moment occurs at the point of suppoit, 

•." 77(6 Maximum B.M. = WxL 
The beam, if of uniform section and material, would be broken 
close to the wall by a load sufficient to overcome the moment of 
resislance of Ote beam. 

(z) Load Distributed Unifm-mly. — IE the load be uniformly 
diBtributed, as shown by the following figure, the beam would 
also break close to the wall if the beam was of uniform section and 
material ; but, as we shall see, it would sustain double the load of 
the previous case. Taking momentK about the edge of the 
support, we have 

The Maximum B.M. = W x 



WL 
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Therefore, since the h&ndimi moT/ienl is only half wliat it 
first Cfkse, it will take twice the load in the second ease 
the beam cloHe to the wall. 




Can TimvsB.— Load Unipoemly Disteibutbd. 



Bending StresBes, ITeutral Surface and ITeutral Axis.— 

a cantilever be loaded in the manner shown by the two previous 
figiiren, then the fibres or resisting material of which the beam 

omposed will be subjected to a terMile atreat tending to stretch 
or elongate the wpper layers; whilst those in the lotco' half wA\ 
be subjected to a compressive stress tending to compress or crush 
the fibres. These actions are graphically represented by tha 
accompanying figure. There must therefore be one layer or ' 
zontal longitudinal section which is neither in tension nor in 
pression. This surface is known as the neutral surface, and its 
intersection on any ti'ansverse section, is called the neutral axii o(_ 
that section, as shown by the small figui-e on the right hand. 



m 



~~-mn,j^ 



■..^ 



If a beam be supported at both ends and loaded anywhere 
between the bearings (as shown by any of the four last figures in 
the previous Lecture), then the upper set of layers are naturally in 
compression, whilst the under set are in tension.* 

• It U therefore clear, tliat a wooden beam may have a saw-cnt inserted 

into the upper set of lajora without very materially affecting the strength 

of the beam, if the edges coroe together and jam up the snw-cat in the 

L bending of the beam ; or, if a vieA^a be Yii^rtfti \yi.W> 1\ib cut so as to 
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L Moment of SesiBtance oppoBed to the Bending Moment. 
L-It can be proved by mathematics, that the resultant of all t/te 
puiojial stresses (on one side of the neutral axis of any transverse 
jr cross section of a beam) is egttal to tlie resultant of aU the com- 
retsiire stresses (on the other side of the neutral axis at the 
particular cross section considered). These two equaland opposite 
forces constitute a. couple, whose rooment ia opposite in direction 
and equal in magnitude to the heTiding •momeni at the cross sections. 
It therefore constitutes the iiumtent of resistance of the beam, 
which is opposed to the bending momeiU. 

Strength of Beotangular Beams. — The resisting mOTiiejit of 
a cantilever of rectangulai' cross section, loaded at the outer end, 
as illustrated by the first figure in this Lecture, is expressed by 
the formula — * 

B.M. = iED^ 

Where RM = Resisting moment in inch lbs. 

„ k = Constant number found by trial depending on the 

nature of the material of which the beiim i.s eoni- 

„ B = Breadth of beam in inches. 

„ D = Depth of beam in itiches. 

Then if W = Weight or load tending to bend or break beam in lbs. 
And if L = Length of beam in inches. 

The Bendiruj Moment — The llesisting Moment. 
Or, . B.M. = B.M. 

i.e., . . . WxL=ftxBxD^ 
BD' 

■•••■■ ■«' - *t: 

Hence the general rule, the strenfft/i of 'rectangular beams to resist 
bending is direeUy proportional to the breadtJi, to the square of the 
depth, and inversely fi-oportional to the lenyt/t of the lieavi. 

Belatiye Strength of Bectangular Beams supported and 
loaded in Different Ways.— We have already proved the rela- 
tive values of the bending moments for rectangular beams 
supported and loaded in the following ways, and we have also 
proved that the relative bending moments are inversely as the 



it the compressive stresses, A saw-cut, howeTer, in tho lower eide i 
would very much affect the strength of the beam. 

• We shall have occasion to analyse and prove this formula in 
Advanced Course. 



, iLLcmjmosa, Exn-uf^noss, asd Ttaatm^ fob Beciasgulab 
Beams srrroKTXD « DiiTEactT Ways, 






Cjtxm I- — Fixed at one end and loaded at the other. The bendingm 
has maiiniiiiii adTBDlage. Tberefore— 



^^^T" 



Cabr H. — Fixed at one end and loaded anirormtr. Here the bending 
it has only J the advantage that it boE in Case 1. Therefore— 
w-«;-BD= 




C'ABB III. — Supported 
bending moment 1 
Therefore — 



1 ends aod loaded at the centre. Hereti 
4 only i the advantage that it baa in Case I. 




i 



CaSf; IV. ^Supported at. butli cnda and loaded nniformly. Here the 
bending moment has only I the advantage that it lias in Case 1. 
Therefore— w^ftl??^ 



F 
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relative strengths or loada which they can support. Hence for 
>eaius: 






Wavb ly WHICH Beams ahe Su pro step ^^uuT I ^■"''- " 
ASD LOADED, "-""^ ' Btrengtli.. 




I. Kised at one end and loaded at the other .III 
H. Fixed at one end and loaded nnifonnlj . i 1 2 
III. Ijapportedat both ends and loaded at centre | 4 


1 
1 


CompariBon of the Loads a.nd Sizes of Beams by Pro- 
portion. — We have already stated that the constant numerical 
value i-epresented by k (in the preceding formula for the 
strengths of beams having a rectangular cross section) has to be 
ascertained by trial. The usual way is to take a comparatively 
Bmall beam of the same materia], and to support as well as load it 
n the precise manner that the actual beam has to be suppoi-ted 
and loaded. 

Then, by carefully ascertaining eil/ier the Irreakiiig load of this 
elementary beam (if it should be the idtiniate alre^iglh that is 
■equired), or the load which produces a certain safe ratio of the 
leflection from the horizontal to the distance of the load from its 
support (if it should be the aaje load that is ilesired), you inter- 
jolate the numerical values of these loads in the foi'mula, and 
ihereby ascertain the probable ultimate strength or safe load of 
the full-sized beam to he used in practice. 

Let (« = Weight or load can'ied by the experimental beam. 
„ h = Breadth of the experimental beam in iiiehes. 

„ cZ = Depth , 

„ ^-Length 

„ W=Wcight or load to be cai'ried by the full-sized beam. 

„ B = Breadth of fulUsized beam in inc/,es. 

„ D = Depth „ „ „ „ 

„ L = Length „ „ „ 

Then, ^ the two beams are s^ippoj-ted and loaded in exactly the 
same ioay, we have by proportion — 

b iB : : w: W 
L d' -.W :: w.W 
1 : ; ; : w, ; W 





!54 TXffnnas xsi*. 

By combining these proportions we get — 
btPL : BDH : : 10 : W 
Or, . Wx6(PL = wxBI« 



Example I. — A bar of teak, t inch square and la inches 
between the supports, breaks with a loiid of 820 lbs. when hnng 
at itii centre. Find the breaking load at the centre of a bar of 
teak, 3 inches broad and 3 inches deep and 7 feet between the 
supports. If the bar be 2 inches broad instead of 3 inches, whut 
should be it« depth in order to support the same weight at the 
centre! (S. and A. Exam. 1S88.) 

Answer, — Here, ira the first case, b=i"; rf=i"; ^=12"; 
i(j = 8zolbs. ; B = 3"; I> = 3"; h^f^jx 12" = 84". 



Consequently, by the previoias formula just deduced— 



x?^ 



In the second case we might quite easily interpolate 
numerical values as we did in the first case, and thereby arrive m 
the result ; but it will be seen at once by the student, that sinoe 
the only variable introduced into the second part of the question 
is the breadth, we have only to equate the breadth and depth to 
the constant load W. Thus, by calling B; = 3" ; B, = 2" ; D, = 3" ; 
and D the depth to be found, we have at once, from the above 
formula, since the load W and everything else are amstatUs, 

B, X DJ is propoi'tional to W ; 

B, X D\ is also proportional to W ; 

.-. BixDj = B,xD' 



1 



^fl j'^ = 3Q74 iivcbei 
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Different SectionB of Cast-iron, Wrought- Iron, and Steel 
BeamB.— Having shown how the strength of a rectangulai' beam 
vatiea directly as the breadth B, and as the square of the depth 
D, it ia natural, in the case of materials such as cost iron, 
wrought-iron, and steel (which vary in regard to their resistance 
to extension and compression), that we should endeivvour to show 
how these materials may be most economically disposed, i 
withstand the gi'eateat lo id for a minimTun of weight and coat 
In the ease of wooden beams, where it is found unprofitable to 
make them into any other shape, than the plain rectangular form 
— unless it be for purely architectural or artistic purposes^ — we 
only considered their strength whon of that particular section ; 
but it becomes quite another matter, when we have to consider 
the case of iron, for this material in its vaiious modifications may 
be cast or rolled into any reL[uired shape, and therefore the 
weight and disposition of the material have a special bearing upon 
the cost and sti-ength of iron beams. 

Gaat-Iron Beams or Girders. — The term girder is technically 
applied to beams of cast-iron, wponght-iron, or steel, which a 
used for spanning comparatively long distances, such as road 
or I'ailway bridges, or large warehouses. As will have been 
observed from the table of ultimate strengths 
in Lecture XXII., the ratio of the ultimate 
strengths of cast-iron to compression and 
tension is as 45 to 7-5 tons; and further, 
since the stress on any material of which a 
beam may be composed is smaller and smaller 
the nearer the neutral surface, it is but 
natural that we should make the upper 
flange of a cast-iron beam which is supported 
at both ends smaller than the lower one, since 
the upper flange, being in compression, will 
obviously maintain a stress six tunes a.3 great 
as an equal section in the lower side. On the other hand, if the 
cast-iron beam is of the cantilever type, where the upper side is 
subjected to tension and the lower side to compression, we should 
make the upper flange about six times as sti-ong as the lower one, 
In practice, however, for the sake of obtaining a sound casting, 
(i.e., having regard to the way in which the crystals of the metal 
naturally aiTange themselves), the flange in tension is only made 
about four times the cross sectional area of the flange in coi 
presston as will be seen from the accompanying figure. 

For vertical columns of cast iron, whei*e the stress is purely 01 
of compression, the H form is provided with flanges of the same . 
dimensions at each end of the web, or, to come to the moslK/ 



1 




, «kA of the nrtieal ej^ainni' 
^M^ai at a.tmi^ot»a 0,0000 OMnettv ' 
mfmMf Mifamd l^tom^mtA the <nm swticB of tbe nwtaial. 

Wtamtfiit-Ixam Mamma ami Girdecs. — Releaiog to the 
MM Tiiit ol UkiaaAB Etoeagtk and Working L(M& in Lectoie 
XXIL,««HBtkMtfa9nBMMaee totanaoois 35 Ions pa- square 
' ' * ' '1, bat bon aa average of a laige 
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OitjjiKAur L luoN- Special L IROb Oboisabi T Ikom. Stbkl 
FOR Hbavy Beam. 

Loads. 

Chobb SBCT10N8 OP Wbought-ikon akd Steel Beams. 

number of speciniens it is found that the resistances to those two 
kinds of stresses is iibout the same. OoDsequently, the matei'ial 
may he disposed of equally between the top and bottom flanges, 
and remembei-inff that the sti'esa at the neuti-al surface is lei-o, 
we have only to connect the flanges with a sufficient tbicknesG 
o[ metal to keep them together and to transmit the vertical | 
^iheariog sti^eiwes. Wrouyht-ii-oQ beaait iind girdere ai-e therefor 
»n»tructod of tho forms shown by the hi-st two figui'ea above. 
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In special cases, such as ship- building and bridge-building, 
different forms of angle iron, T iron, and channel iron are used, 
as shown by the next four figui-es. 

Steel Beams,* — Referring once more to the Table of Ultimate 
Strengths and Working Loads in Lecture XXII., we see that the 
resistance of steel to tension is only 45 tons per square inch of 
cross section, whereas it withstands 70 tons per square inch 
against compression. Consequently, in forming beams of this 
material, where the beam is supported at both ends, and the load 
is either placed in the middle or distributed, the bottom flange 
which is in tension must be made about double the cross area or 
weight of the top one, as shown by the last figure. 

We have merely touched the fringe of this important subject 
on metal beams. We shall therefore have to return to it again 
in the Advanced Course. 

* The Author is indebted to Messrs. P. and W. MacLellan, the well- 
known manufacturers of cast-iron, wrought-iron, and steel beams, for the 
full-size drawings of the various sections from which these reduced figures 
have been made by the Publishers, with the aid of photography. 
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A woodNi beam, sapporteil at both ends and loaded i 
... , haire a raw-cat made upon the appei side withoat affecting t 
strengtti to an appreciable eit«nt <if a wedge i£ inserted). How di 
accoont for this result ! 

2. It will be observed that wooden beams are asnall.v made rectangnlv 
ia form, the depth being greater than the width. State tbe advantage liM 
is derived from this TonD of arrangeiiieiit, and the relation of itreogtbta 
proportion to depth, width, and distance between the SDpports. ^ 

3. Slate tbe relative strenjrths of similar reclangalar beams nndera 
following varying conditions : — 

(o} \VbeD fixed at one end and loaded at the other. 
(/') „ „ and load distrihnted. 

(e) When supported at both eods and load at centre. 
(d) „ 1, „ „ distribnted. 

4. Given that a rectaDgolar rod of fir, 10 inches long, 1 inch broad, fl, 
I inch deep, and supported at boCti ends, will just snstaitt 540 lbs., wbi 
hang at its centre ; what sfaonld be the depth of a bar of liie wood jj feet 
long and 2 inches broad, and sapported at both ends, in order to support a 
load of ^ of a ton when hung at its centre 1 Am. 3-05 inches. 

J. A wooden beam is commonlj rGctangQlar in form, the depth beinE 
greater than the breadth. State the law accordicg to which tbe strengtU 
of the beam to resist a cross or transverse stress Is connected with tbe 
breadth and depth. Two beams tan of breadth j and 6 inches, nnd of 
depths S and 9 inches respectively ; write down tbe numbers which re- 
present their respective strengths in roasting transverse stresses. Ara. 
160 : 243. 

6. Two wooden beams are each loaded in the centre and supported at 
the ends ; one is solid and meusures 8 inches x S inches in cross section ; 
the other is made op of two beams each 3 inches broud and 4 inches deep, 
and placed one over tbe other so as to have tbe same sectional area aa 
before. Will there be any difference in the breaking load of the beamf, 
und if 80, how mnch will it be ! State the reasoning on which jou relj. 
[S. and A. Exam. 1SS9,) 

7. There are two beams of the same kind of limber, each of which is 
supported horutontally by props aL the ends. One beam is 10 feet loi^, 
7 inches broad, and 5 inches deep, while the other is 13 feet long, 5 inches 
broad, and 7 inches deep, which beam will bear the greatest load, on its 
centre? Am. W, :Wj : : 13 : 14. 

8. A beam of timber, rectangular in transverse section, is 2 inches broail. 

3 inches deep, and 4 feet in length, and rests upon sopports at its ends. 
The broaldng load on tbe centre is 2000 lbs. What would have been the 
breaking weight if the beam had been 4 inches deep, z inches broad, and 

4 feet between the supports, but loaded at a distance of i foot fi\)m the 
end 1 (S. and A. Ksam. 18S7.) ^Ins. 474074lbs. 

9. Find the breaking weight at the centre of a beam' of Memul fir, 
12 inches deep. 10 inches wide, and 20 feet between the points of support. 
The breaking weight at the centre of a beam i foot long and i inch square 
is 545 lbs. Ane. 39,240 lbs. 

10. A Tcotangular batten of fir, 6 feet in length, 2 inches broad, and 
Inches deep, is supported ut its ends and can sustaina weight of tioolba. 

bung at llie centre. IE the load were equally distribnted instead of 
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being hung at the centre, how much would the batten support ? Ans. 
2200 lbs. 

11. A rectangular beam of timber is supported at both end?, and can just 
bear a weight of W lbs. evenly distributed without breaking. If the load 
were all brought into the centre, how much should the breadth of the beam 
be increased, the depth remaining unchanged? Again, if the breadth 
were to remain constant, by how much should the depth of the beam be 
increased ? Explain clearly the reasons for your answer. Ana. Twice ; 

V2 times. 

12. A rectangular beam of timber supported at both ends, and of a given 
breadth and depth, just supports a load, W, at its centre. If the load be 
shifted to a point halfway between the centre and one end, by how much 
may the depth be reduced ? Am. 13-4 per cent. . 

1 3. Show, with sketches, the best forms and sections of Hanged beams, 
(i) of cast iron, (2) of wrought iron, when supporting a load at the centre, 
and state the reasons which determine the particular forms. 

14. Explain why iron girders are- made with flanges at the top and 
bottom united by a web of metal, instead of beii g rectangular in section. 
What condition decides which of the two flanges shall contain the most 
metal ? 

15. Girders for carrying a load on their top flange, if of cast iron, have 
the section of metal on the bottom flange greater than on the top flange, 
but when made of wrought iron this rule does not hold. Why is this ? 
Sketcli a section of an ordinary cast-iron girder to carry a wall over a 
gateway, ard of a wrought iron plate girder for the same purpose. (S. and 
A. Exam. 1890.) 
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^r 


Beams, formultc for rectangular. 




loaded and supported in 


ArcBLF.BATioN, definition nf, 213 


riiiterent ways, 252 


„ due to gravity, 213 


„ pressure on and reactions 


unit of, 213 


from the supports of, 239- 


Accumolatotl work, 218 


243 


„ work in a fly-wheel, 


„ relative strength ot rectan- 


219 


gnlar, supported and 


„ work m a rotating 


loaded in different ways. 


body, 219 


251 


Accumulator, hydraulic, 207-209 


„ sections of cast-iron, 


Action and reaction, 3 


wrongbt-iroD, and steel, 


„ of the common Buotion- 


255 


pamp, 185-1S7 


„ strength of rectangular, 251 


Activity, definition of, 12 


,, transverse stress and t>end- 


Actual or working advantage, 53 


ing moments of, 243-246 


Air vesHel, action of an, 190 


Bear, hydraulic, or portable punch- 


„ „ foroepamp with, 189 


ing machine, 205 


Angle of repose, S8 


Bearings, hall, 92, 159 


„ ,. resistance, 89 


Bed or shears of a lathe, 159, 162 


Anti-friction wheels, 91 


Bell crank lever, 33 


Applied Mechanics, definition of, i 


Belt-gearing reversing motions, 102- 




104 




„ „ shape of pulley faces 


AKis, definiiion of neatral, 25a 


for, 107 


Axle, wheel and, 41 


„ velocity ratio of pul- 


„ „ „ oompoimd, 56-5S 


leys in, 99-101 




Belts, brake horse-power transmit- 


B 


ted by, 98 




„ difference of tension in, 96 


Backlash in wheel iind screw- 


„ open and crossed, loi 


gearingB, 136 


^, tendency of, to run on high- 


Back- motion gear in a lathe, 1 50- 1 6 1 


est parts of pulleys, 107 


Balance, Roman, 27 


Bench vice, screw, 144 


„ l>enl iever, 33 


Bending moments ot beams, 243- 




246 ; of cantilevers, 249 


217 


stresses in beams and 


Bales, Bcrew for prosaing, 143 


cantilevers, 250 


Ball bearings, 92, 159 


Bent lever balance, 33 


Barometer, the mercurial, 181 


„ levers, 32 


Beams, bending stresses in, 250 


duplex, 31 


cast-iron, wrought-iroc, and 


BYocY 8!Sl\ ilULYlll. sv „ ^ 


_ steel, nurl girders, 255-257 


eiuActt,^\ _^^^^^^^H 



r 



Builer plBteB, lar^e lijdro 

for Hanging, 199 
Bolt, rag, 134 
Bottle BcretT-jack, 140 
Brake liorse-poiver transraiUPil by 

belts, ^ 
Sramah's hjdiaultc press, 195, 19S 
„ leather collar pack! ag, 197 
Backet pump, combined plunger 

BnttrefiB screw thread, 133 



249 



I 



L^ Comp, 



Capatan, ship's, 43-4S 
Carpenter's turkus, 34 
Cast-iron beams and girders, 255 
„ „ „ sectioiiB for, 255 
Ceotre of gravitj, 22 

„ „ parallel forces, zo 
„ „ presflare, 177 
Centrifagal force, 215 

„ stress in (Ij-wlieels, 217 

Centripetal force, 215 
Chnlns, fitrcsaea in, 236 
Change wheels in a lathp, 152-155 
159 
,, ,. reversing plate or 

qHadraat, 159,163 
Cliinese windlass, 56 
Circle, delinition of pitch, 111 
Circular discs, velocity ratio of, iio 

„ velooltj, 213 
Co-efficient of friction, 87, 93 
Cohesion of matter, 226 
Combined lever, screw, and pulley 
gear, 13S 
„ plunger and huekct 
pump, 192 
Comparison of loads and sizes of 

beams, 253 
Components and. resnltant of forces, 
4 
„ of a force at right angles 

to each other, 68 
Corapositian and resolution of forces, 

66-68; velocities, 213 
Compound, Wcems', screw and 
Jijdraulic jack, 203 
Compound wheel and axle, 56 
"iJnpreMibiJity of matter, azG 



Compressive streaa and slrnin, 
Cones, stefiped speed, 104 
Couple, deKuiLioii of, 19 
Coupling, screw, for railway 

agea, 134 
Crab, doulile purcliase, 121 

„ single pa re base, 118-121 ^ 
Cranes, stresses in various inembcH" 

of, 68-72 
Crank, hell, lever, 33 
Cylinder, forming a screw thread 



Dead load, definition of. 328 " 
Density of matter', 226 
Differential pulley blocks, Weston '», 



1 



Dilatibility of matter, 226 
Discs, velocity ratio of friction 

Divisibility of matter, 225 
Doable acting force pump, loi 

„ parehase winch or crab,; 

„ threaded sorews, 135 
Diiving belt, difference of leti.- 
1.96 



I 



EFPinENCY of apparatus for de- 
termining sereit 
gear, 138 

screw, an I 
ley gear, i_ 
„ „ a machine, deS 

tion of, 39 

„ „ screws, 129 

Elasticity, definition of, zzS 

limits of, 231 

„ modulus of, 232 

„ safe loads and, 33P 

table of moduli of, 333 j 
Endless screw and worra-wheir^ 

146 

Enci^y, kinetic and potential, z 

Equili'brant of parallel forces, 19 J 

Eqailibrium, conditions of, in tl 

case of flontU 



F 



Q, graphic demonstration 

of three forces in, 64 

ofthreeoqualforct ' 



Factohs of Bafotj, 230 

I Falling bodies, formula for, Z14 
fJoatinK bodieH, oomlitiona of eiini 
librinm, 178 
nnids, immersion of soliiU in, 177 



ifjy-wheels, ceotrifugal atreas ij 
„ energy stored up ir 
B, definition of, r 
olenienta of a, 2 



it of, z 
Forces, centrifugal and centripetal, 

215 

„ in eqailibriam, 3 

„ paiRllel, ig-zi 

„ parallelogram of, 66 

resultant of, 4 
„ straight lever acted on by 

inclined, 32 
,. three equal, in eqnilibriiin 
. ^7 



Triction, angle of, i 
anti-, whe 
circular 



Pulorn 



oof, 1 



velouity 



co-efficiont of, 87, 93 
definition of, 83 
heat developed by, 84 
inclined plane without, 75 
laws of, 85 

petition of, in a lever, 25 
., pressure on, and reaction 
from, rg 

Fasee, the, 45-47 

Fusibility, definition of, 226 

G 



Gear, back motioi 



1 lathe, 150,.] 



pump, single acting, 187-190 
pomp, doable -acting, 192 
pump with air vessel, 1S9 
resolution of a, into two 0011 
ponenta at right angles, 6 



efficiency of combined lever, ' 
screw and pulley, 13S 
„ sorew and pulley, 13S 

starting and stopping. 104 
,. worm-wheel lifting, 148 
Gearing, bjcklash in. wheel and j 

belt, rereraing moti 

„ bolt, shape of pulley facet J 

„ pitch of teeth in wheo!,,! 

„ ptincipio of work applieij''n 

to wheel, 115 
., velocity ratio of puUeye In 

belt, 99-101 
„ velocity ratio in wheel. 



"3 
wheel, In jib c 



Gravity, acceleration due 



H 

Head or pressure of a liquid, 1G9 
lleadetoc^, fast or flsod, of a lathe, 
160, [63 
movable, for a oommi 

movable, for a sere 
catting lathe, 157 
Heat developed by friction, 84 
„ relation between, and work, 
84 
Helix of a screw tliread, 126 
Hooko'E law, 231 
Horse-power brake, transmitted by 
bells, 98 
„ „ delinition of, 12 

of working agent, 12 
Hydraulic aoonmulator, 207-209 
bear, 205 
„ jacks, 201-205 



1>T 



19,V-''i 



^,\>^'i 



Ba,\a.-t^e, \^ 



I 


Lever, bent, 32 






IMMERBION of solids in floids, 177 


pulley, 13S 


Impenetrability of matlci, 215 


definition of a, 16 


Inclined forces, straight \e\-ei noted 


.. dnplei bent. 33 


on by, 32 


„ position of fnlomm of n, 15 


plane, the screw as an, 127 


„ practical applications' of tk, 


planes. 75-78 


27-36 


principle of work applied 


„ principle of moments ap- 


<o. 79- 9S-94 


plied to the, 16 




principle of work applied to 


J 


the. 39 


„ safety valve, 28-30 


Jack, bottle screw, 140 


„ straight, acted on by in- 




clined forces, 32 


Jib cranes, stresaea in, 68-72 


when its weight is lakui . 


into account, 23 ^^ 


wheel gearing in, 122- 


Lifting gear, worm-wheel, 14S ^ 


124 


LimitiDg angle of resistance, S9 ^H 


Jnnle'a relation between heat anrl 


stress, 229 ^M 


work, S4 


Limits of elasticity, 231 ^H 




Linear VBlocity, 212 _ ^ 


K 


„ „ formulie for, wilt 


unifurm a^celern- 


□itionsof, 21S 


tion, 214 
Liquid, definition of a, 167 




„ immersion of solids inn, 177 


L 


., pressure due to head cf a, 
169 


Lathe, back-motion gear of, 150- 
161 


surface. 169, 171 


bed of a, 159. 162 




„ change wheels in a, 152- 
163 


a, 168 
Loads, definition of live and dead. 


,. Qiied headstock of a, 160, 


228 _ 


163 


„ safe, and elasticity, 230 JH 


„ leading screw of a, 151,162 


Lockfast lever safety valve, 29 ^M 


„ mechanism in a screw-cnt- 


Lubrication, 91 H 


ting, 150-164 


Lumberer's tongs, 33 ^M 


motions of saddle and slide 


■ 


rest of a, 152 


M ■ 


movable heartstooks for a. 


■ 


155. '57 


MAcniNB, eESciency of a, 39 ^H 


„ reversing plate for chance 


modnlns of a, 39 fl 


wheels of a, 162 


Machinery, impottanoe of balancing 


„ saddle of a, 152, 161 


highspeed, 217 


Law of Archimedes, 177 


Malleability, definition of, 226 


„ „ Hooke's, 231 


Materials, machine for testing ten- 


„ „ Pascal's, 168 


sile strength of, 30 _ 


Laws of friction, B5-91 


„ properties of, 225 ^M 


„ „ motion, Newton's, 213 


Matter, definition of, i H 


Leading screw of a lathe, 151-162 




Leather OoJIar packing, Brama\\'s, 


\ UecVaaJita, 4<i?«i\«.aaaf AppUedr^H 


^. '97 

^k Lever, bell orank, 33 


\ 111(^9^^1^^^^™'%^™'^'^'^'^ ^H 



INOEX. 20 i, ^ 


Modulus o! elaat-icitj, 232 


Power that steel shafting will trans- 


ofamachine, 116 


mit at various speeds, 240 


Moment of a focca, 15 


„ nntts of, 12 


„ resistance in bcanif, 251 


Press, the fly, 221 


MnmentB, principle of. 15 ; applied to 
the lever, 16 ; applied to 


hydraulic, Bramah's, 195 


hydraulic, large, 199 


the wheel and aitle, 41 


screw, for compressing bales, 


bending, of beams, 243- 


143 


346 


Presses, packing for hydraulic, 197 


cantileverB. 249 






„ centre of, 177 


Motion and velocity, 21Z 


daetobeadof aliquid,l69 


„ equations o'f, 214 


„ low, and vacnnm water 


„ Newton's lawa of, 213 


gauges, 181 


of saddle and slide rest of a 


on fnlorum of a lever, 24 


Iflthc, 152 


„ on ram of a Bramah's 


Motions, reiersing:, bj belt gearing, 


press. 197 


102-104 


„ on slnice gate, 176 




„ on the Bupports of a beam, 


N 


239-243 




on any surface immersed 


Nbuthai. axis, definition of, 250 


in a liquid, 169, 171 




„ transmission of, by liquids. 


Newton's lawa of motion, 213 


168 


Nippers, example of, 35 


Principle of moments, 15 ; applied 




to the lever, 16 ; to the 


p 


wheel and axle, 41 ; to 




the wheel and com- 


Packino, Bramah's leather collar. 


pound axle, 57 


197 


of work, 38 ; applied to 


Parallel forces, centre of, 20 


the lever, 39 ; to the 


„ ,, eqnilibrant and re- 


wheel and axle, 42 ; to 


Bultant of, I9'2l 




Parallelogram of forces, 66 


Pascal's law, 168 


block and tackle, 53 ; to 


Paasiva reaiatanoe, S3 


Weston's pnlley block. 


Percent^B efficiency of a machine. 


6a; to the inclined 


49, S3 


plane, 79; to wheel 


PincerB. 34 


gearing. 115 


Pinion, rack and, 112 


Pulley blocksand tackle, ordinary,5l 


Pitch circle, deSnition of, 111 


„ combined with lever and 


„ Burface, definition of, 1 1 1 




„ of teeth in wheel gearing, 1 12 


combined with worm-wheel 


Plane, inclined, with friction, 92-94 


and winch barrel, 146 


„ withoat friction, 75 


„ faoes for belts, shape of, 107 






the inclined, 79 




Planes of belts and polleys in belt 


and following, in dilfer- 


gearing, 105 


ent planes, 105 


Porosity of matter, 225 


,. combinations o( fast and 


Potential energy, definition of, 218 


loose, 102-104 


Power, definition of, 12 


tendency of belts to run oti 




tectieRl. -uKrtR rfi. , \'m ■ 


^m, horse, transmitted by belts. 


„ ^<i\o^V^ ^^Xo ^'^. -^ ^'^ J 


■ 9S 


S?WTO?, (j^Vi^ ^B 



Pump.combicedpl g lb k t 




I on of a force into two Mi^H 


192 




p nents at right Buglea. 68 tB 


„ common Mxct S5 87 


It 


1 tanil componenlB, 4 


„ double acting f 9 
„ force, with ^ ss ] Sg 




of parallel forces, ig-21 




of tn forues at any angle 


„ rods, tension S7 




with each other, 68 






of any number of forces 


' without a 1 




acting at a point, 68 


„ plunger for S? 90 


K 


g motions for belt gearing, 


Pnnohing mBCliiue, portabl h 




IO3-I0+ 


dmiilic bear 205 




plate for change wlieels. 


Q 


II »i 


1 ty de&nltion of, 226 ^H 




R d 


nsion in pump, 1S7 ^H 


Ql'ADIiant or rev g plat f 


r 1 


ballbearings, 92, 159 ^^M 


change wheel 59 63 


R 


balance, 27 ^^H 


Quantity of motion m cq nt m 


R 


t S.H. stresses in a, 73 ^H 


Z'3 


R 


g body, accumulated lAJH 


R 




^19 'H 




R 


d d screw threads, 133 ^H 


Back and pinion, 1 




■ 


Kadius of gjration, 




s 


Kag bolt, 134 






Railway carriages, screw coupling 


Sad 


OLE and slide rest of a lathe. 


tor. 134 




icz. 161 


Ratio, velocitj-, of change wheels in 


Safe loads and elasticity, 230 


alathe, 152-155 


Safety, factors of, for materials, 


„ ,, definition of, 53 




230 


of pulleys in belt 




valve, 28-30 


gearing, 99-101 


Screw bench vice, 144 


„ of two friction cir- 






cular discs, no 




a, 156-164 


iiiwheelgearing,ii3 




-cutting lathe, self-acting, 158 


Reaction, action and, 3 






„ from fulcrum of alever, 24 




ISO, i5S-'64 


Reactions from supports of beams. 




combined with lever and pnl- 


239-243 




1.J, 13S 


Reclangulat beams, strength of, 25 1 




-coupling for railway oa-r- 


„ relativestrengtli 




rlages, 134 


of, loaded and 




endless, and worm-wheel, 146 


supported in 






different ways, 




Btrating efficiency of, 138 


251 




gearing, backlash in, 136 


Repose, angle of, 8S 




-jack, botUe. 140 


Rchislance, limiting angle of, 89 




-jack, traversing, 142 


moment of, in beams, 




leading, of a lathe, 151, 162; 


251 




apUt nut for engaging, 161 


passive, or friction, 83 






work in overcoming a 




143 


uniform, 6-9 




or spiral, for moving grain, r j6 


work in overcoming a 




viewed as an inclined plane. 


^^ variable, 8-1! 




127 


^^b f-^Jnlion, composition aii<\, ot 


Spy 


«B,fi^'i.-&wVMt-l!and, 134 


H ff.rf^cs, 66-68 ; ot ve\o- 

L ' 


\ 







Screwo slrciiRlli dnrabilily Hid 


Stresses in simple roof tniss, 73 


cHiciLiicj of 129 


, tensile and compressive, 


Scren (Iroal 126 


229 


buttress 1j4 


Suction pump, common, 1S5-187 


ronnd^l 133 


SappoctsoE beams, 239-243 




Surtace, definition ot neutral, 250 


. " Tr"%^7 n a cwG 


, definition of pitch, in 


„ square 132 




Screw I! reals characteristics of 


T 


129 
„ different forms tf 


J VnLu of melting points of n\etal,s, 


i29-'33 




„ SDller-s, 131 


„ of moduli of elasticity, 233 


„ „ Whitworth's, 129- 


„ of power tliiit steel shafting 


131 


will transmit at various 


Shafts, slrengtli of solid round. 23S 


speeds, 240 


Shears or bed of a Uthc, 159, 162 


„ of ultimate strengths of 


Ship'a capstan, 43-45 


materials, 230 


Siphon, the, 182 


Tackle, block and, 53 


Shde rest and saddle of a lathe, 152, 

161 
Sliding angle, 89 


Teeth, pitch of, in wheel gearing, 


Tenacity, definition ot, 226 


Sluice gate, pressure OQ 176 


Tensile strength of materials, ma- 


Snatch blook, 51 


chine for testing the, 30 


1 Solid shafts, strength of, 238 


„ stress and strain, 229 


taflpeoifio gravity, deHnition ot, 174 


Tension in driving belts, 96 


K,8peed cones, 104 


„ inpnmprods, 1S7 


■fptit nut torengaglng leading screw 


Testiug machine, 30, 170 


■ ofalatheriei 




■ ■Starting and stopping goar, 104 


52 


I Steel beams and girders, 255-25; 


Thomson's, Sir Wm., wire-testing 


1 Steelyard, 27 


machine, 170 


1 Stopped speed cones, 104 


Tongs, Lumberers, 33 


f Straight levers acted on by inclined 


Torque or twisting moment, defini- 


forces, 32 


tion of, 238 


Strain, compressive stress and, 2ig 






98; by liquids, 168 


„ shearing stress and, 237 


Transverse stresses in beams, 243- 


„ tensile streaa pnd, 229 


246 


Streogth of materials, machine for 


Traversing screw-jack, 142 


testing, 30 


Treadle lathe, Kclf-acting streiv- 


„ of materials, ultimate, 229 


cutting, 158 


Stress, centrifugal, on iij- wheels, 21 7 


Triangle of forces, 66 


„ definition of, 22S 


Turk us. carpenter's, 34 


„ intensity of, 228 


Twisting momenta, 238 


„ limiting, or ultimate strength. 




229 


V 


„ shearing and strain, 237 




„ total, 228 


Ultimate strength of materials, 


Stresses in beams due to bending 


229 


moments, 243-246 


Uniform velocity, definition of. -la 


„ bending, in beams antl 


Unit of acceleralion. 213 


oanlilcvera, 250 


„ fovea, I 


in dmins, 236 


„ tiorKL-po-utT, \1 


in jib cranes, 6S-71 


„ powex, 11 





Unit of TOlocity, z\% 


Weston's differentia! pulley block, 




,. work, 6 


S8, 61 




Uscfal work in a machine, 3S 


Wheel and axle. 41 

„ compound axle, 57 




V 


Wheel gearing, backlash in, 136 




Vacuum water gauges, 181 


124 




Variable reaibtance, work done 


pitchofteethin, 112 




againat a, 8 


„ ,. principle of work ap- 




„ velocity, definition of, 212 


plied to, MS 




Valve, lover safetj, 28-30 


„ „ verocityratiofu,.,3 




V-Horew-thread, Seller's, 132 


Wheels, anti-triction, 91 




„ „ „ Whitwortii'B.izg- 


„ change, tn a lathe, 151- 




131 


J5S. 'S9ii63!<!'^'lrantor 




Velocities, composition and resolu- 






tion of, 213 


163 




Velocity and motion, ilz 


,. fly-,CBntrifngalstressin.2l7 






Whitworth's V-Bcrew-thrcads, 129- 




hnoar with nniform ac- 


131 






Winch barrel, 43 




linear and circular, aia 


„ double purchase. 111-121 




uniform and variable, 212 


„ single purcbaae, iiS-120 




net of 217 


Winoh drum combined with pullev, 
worm, and worm-wheel, 146 




■\ 1 ciiy nlio of change wheels in 




a lathe, IS2-I5S 


Windlass, Chinese, 56 




definition of, 53 


Wire-testing machine, Sir Win. 




„ „ pnlloja in belt-gear- 


Thomson's, 170 




ing, 99-101 


Work, Bccnmnlated, 218-220 




„ two friction clrcnlar 


„ definition of, 6 






„ diagrams of, 9 




„ „ ill wheel - gearing. 


„ done against variable resist- 




VesEel, air, action of an, 190 


done on inclinea, 92-94 




„ force pump with, 189 


„ principle of, 38 




Vice, screw bench, 144 


relation between, and heat,S4 
;, transmitted by belts, 98 




W 


., unit of, 6 
Worm-wheel, endless sorew and, 140 




Watee ganges, low pressure ard 


„ and worm combinoi 




vaounin, iSl 


with polley and 




„ useful data regarding freah 


winoh drum, 146 ■ 




and salt, 174 


„ „ lifting gear, 148 1 






Wrought-iron beams and girders, r 




draulic jack, 203 


256 ; sections of. 255 ' 


k 
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Revised and Enlarged, Pocket aize, leather, I2s. ; also for Ofhce Use, 
clolb, I3S. 
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THE DESIGN OF STRUCTURES* A Practical Treatise 013 tht; 
Buildingof Bridges, Koufs, &c. By S. ANCLtN, M.K., Koj'al Univeiiily 
of Dublin. Witli very uumeraus Diagrams and Tables, clolb, i6s. 
*■* The pKucipo] object of this tvodt \& lo tupply llic waot, Ion; and univcr^illy TcIe 
anionE Studcnia of EneiiieBTii;^ and Archilecmre, of a ConciK Tejtl-book on Slrucii 
icquinng on Ihe put orihe reader a knowledge arEknientaTy Mjdiemalics unly. 
" Stgdciils of Eiisineiring will find tliis Icxl-boolt invsluaulii."— ..^itAifai;. 

PRACTICAL GEOLOGY (Aids in) ; with a Section on 

Palieontology. By G. A. j. CoLE, F.G.S., Prof. t>r Geology, Itoyal 
Collei;e of Science, Dublin. Witti nuiueruU' Illustrations, clotb, 105. Cd. 
"Will licuf the GREATEST FOiisii^LE vfs lo Mini^r.1 and Proapetlots in iheir Kirch alur 

COAL-MINING (A Text-Book of) : For the Use of CoUieiy 

Managers, Student', and all interested in Cual-Micins. By Hesbkut 
W. Hughes, F.G.S., Assoc. Koyal School of Mines. Demy Svo, hand- 
some clolh, with Frontispiece and 490 Illustrations, mostly reduced from 
Working Drawings. 

METALLURGY (An Introduction to the Study of). 

By Prof. RoiiERTS-AusTEK, C.B., F.R.S., of tlie Royal Mint and llie 
Royal College of Science, witli which is incorporated the Koyal School of 
Mines. With numerous lUustialions and Tables, cloth, 7s. 6d. 



ASSAYING : For the Use of those Connected with Mines. 

By C. Beringer, F.I.C., F.C.S., and J. J. BeringeI!, F.l.C, F.C.S., 
Lecturer to the Mining Assoc, and Inst, of Cornwall, and Public Analyii 
for the County of Cornwall. With Tables and Diagrains. Seconij 
Editiow, 10s. 6d. 

:ordially recomaieiid the tao^i.iliesttbiecl being treated in a I'KAcncAL and 
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